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Figure 1a

10 20

* *

MAQKEVEQNSGPLSVPEGAIASLNCTYSD

30 40 50

* * *

RGSQSFFWYRQYSGKSPELIMFIYSNGDHK

60 70 80

* * *

EDGRFTAQLNKASQYISLLIRDGSKILSDSA

90 100 110

* * *
TYLCAVRTNSGYALNFGKGTSLLVTPH
(SEQID No: 1)
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Figure 1b

10 20

* *

MEAGVTQSPTHLIEKTRGQRQVTLRCSPKSG

30 40 50

* * *

HDTVSWYQQALGQGPQFIFQYYEEEEROQR

60 70 80

* * *

GNFPDRFSGHQFPNYSSELNVNALLLGDS

20 100 110

* * *
ALYLCASSDTVSYEQYFCGCPGTRLTVT
(SEQ ID NO: 2)
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Figare 2a

atggeccagaaggaggtogagcagaatictggaccecteagtgticcagagggagecattgecictetcaattgeacttaca
gtgaccgaggttcccagtcctictictggtacagacaatatictgggaaaagecctgagttgataatgttcatatactccaatgg
tgacaaagaagatggaaggtitacagcacagetcaataaagecagecagtatatttcecetgeteatcagagactccaagetc
agtgattcagccacctaccictgtgeggtgegeacaaaticecgggtatgeacicaacticggcaaaggeacctegetgtiggt
cacaccccatatccagaaccetgaccetgeegtgtaccagetgagagacictaaatccagtgacaagtetgtctgectattea
ccgattitgattctcaaacaaatgtgtcacaaagtaaggatictgatgtgtataicacagacaaaactgtgctagacatgaggte
tatggacttcaagageaacagtgctgtggectggageaacaaatetgactttgeatgtgcaaacgecttcaacaacageatta

ttccagaagacaccticticcceageccagaaagttectaa
(SEQ ID No: 3)

Figure 2b

atggagoctggaptcacacaaagtcccacacacctgatcaaaacgagaggacageaagtgactetgagatgeteiectaa
gitctgggcatgacacigtgtectggtaccaacaggecctgggtcaggggecccagtitatetticagtattatgaggaggaag
agagacagagaggoeaacttccctgatcgattctcaggtcaccagttecctaactatagetetgagetgaatgtgaacgecttg
tigctgggggactcggecctctatetetgtgecageagegacaccgtetcctacgageagtacticgggecgggeaccagg
ctcacggtcacagaggacctgaaaaacgtgttceccaccegaggtegetgtgtttgagecatcagaageagagatcteccac
acccaaaaggcecacactggtgtgectggecacaggetictaccecgaccacgtggagetgagetggtgpotoaatggoaa
geaggtocacagtggggteageacagacccgeagecectcaaggageageccgecectcaatgactecagatacgeictg
agcagcegectgagggictcggecacctictggecaggacceecgeaaccacttecgetgtcaagtecagttctacgggete
tcggagaatgacgagtggacccaggatagggcecaaaccegicacccagategicagegecgaggectggggtagagea
gactaa

(SEQ ID No: 4)
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Figure 3a

F
A
K

MmO

Q
N

FWYRQYSCGKSPELIMFIYSNGDKEDGRFTAQL
SQYISLLIRDSKLSDSATYLCAVRTNSGYALNTF

MAQKEVEQNSGPLSVPEGAIASLNCTYSDRGS

GTSLLVTPHIQNPDPAVYQLRDSKSSDKSVCLPFTD
FDSQTNVSQSKDSDVYITDKTVLDMRSMDPFEKSUNSA

VAWSNKSDFACANAFNNSIIPEDTFFPSPES®SS

(SEQ ID No: 5)

Figure 3b

MEAGVTQSPTHLIKTRGQQVTLRCSPKSGHDTVSW
YOQQALGQGCGPQFIFQYYEEEERQRGNFPDRFSGHQTF
PNYSSELNVNALLLGDSALYLCASSDTVSYEQYV FG

PGTRLTVTEDLKNYVFPPEVAVFEPSEAETISHT

KA
QP

LKEQPALNDSRYALSSRLRVSATFWQDPRNHTPFRDPC
VQFYGLSENDEWTQDRAKPVITQIVSAEAWGRAD

(SEQ ID No: 6)

Q
P

TLYVCLATGFYPDHVELSWWVNGKEVHSGVSTD

Q
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Figure 4a

ccatcgatggeccagaaggaggtggageagaatictggaceecteagigticcagagggagecattgectcicteaattge

acttacagtgaccgaggticccagtecttctictggtacagacaatatictgggaaaagecctgagttgataatgticatatacte
caatggtgacaaagaagatggaaggtitacagcacagctcaataaagecagecagtatatttcectgeteatcagagactee
aagctcagtgattcageeacctacctetgtgeggtgcgeacaaattcegggtatgcactcaacticggeaaaggeacceicge
tgttggtcacaccccatatccagaaceetgaccetgecgtgtaccagetgagagactetaagicgagtgacaagtetgictge
ctattcaccgatitigattctcaaacaaatgtgtcacaaagtaaggaticigatgtgtatatcacagacaaatgtgtgctagacat
gaggtctatggacttcaagagcaacagtgcetgtggectiggageaacaaatetgactttgeatgtgeaaacgecttcaacaac

agcattattccagaagacaccttettceccageccagaaagiicetaa
(SEQ ID No: 7)

Figure 4b

tcteteattaatggaggctggagitcacacaaagiceccacacacctgatcaaaacgagaggacageaagtgactetgagatg
ctetectaagtctgggcatgacacigtgtectggtaccaacaggeectgggtcaggggecccagtttatetitcagtattatga
ggaggaagagagacagagaggcaacticectgategatictcaggtcaccagticectaactatageictgageigaatgtg
aacgecttgttgetgggggacteggecctetatetetgtgecageagegacaccegictectacgageagtacttcgggeegg
geaccagg

ctcacggtcacagaggacctgaaaaacgtigttcccacccgaggtegetgigtitgagecatcagaageagagatcteecac
acccaaaaggcecacactggtgtgectggecaccggtitetacceegaccacgiggagetgagetggigggtgaatgggaa
ggaggtgcacagtggggictgcacagaccegeageecctcaaggageageecgecctcaatgactecagatacgetetg
agcagcecgectgagggtetcggecaccttetggeaggacceccgeaaccacttcegeigtcaagiceagtictacgggcete
tcggagaatgacgagtggacccaggatagggccaaaccegtcacccagatcgteagegecgaggectggggtagagea

gactaa
(SEQ ID No: 8)
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Figure 5a

MAQKEVEQNSGPLSVPEGAIASLNCTYSDRGS

FWYRQYSGKSPELIMFIYSNGDIXKEDGRFTAQL

SQYISLLIRDSKLSDSATYLCAVRTNSGCGYALNTFG®GK
GTSLLVTPHIQNPDPAVYQLRDSKSSDKSVCLPFTD

FDSQTNVSQSKDSDVYITDKCVLDMRSMDFEIKSNSA

VAWSNKSDFACANAFNNSIIPEDTVPFVFPSPESS

(SEQ ID No: 9)

Figure Sb

MEAGVTQSPTHLIKTRGQQVTLRCSPKSGHDTVSW

QFIFQYYEEEERQRCNFPDRFSGHQTF
NALLLGDSALYLCASSDTVSYEQYTFG

G P
N V
PGTRLTVTEDLEKNVFPPEVAVFEPSEAEISHTQKRA-AZ2

TLVCLATGFYPDHVELSWWVNCGCGKEVHSGVCTDPOQP
LKEQPALNDSRYALSSRLRVSATFWOQOQDPRNHFRCOQ

VQFYGLSENDEWTQDRAKPVTQIVSAEAWGRAD

YQQALGQ
PNYSSEL
(SEQ ID No: 10)
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Figure 6a
MAQKEVEQNSGPLSVPEGAIASLNLC
GSQSFPFPWYRQYSGKSPELIMPFTIYS D
GRFTAQLNKASQYISLLIRDSKLSD
CAVRSAHGYSLNFGKGTSLLVTPH
(SEQIDNO: 11)

Figure 6b
MAQKEVEQNSGPLSVPEGAIASLNCTYSDR
GSOSFFWYRQYSGKSPELIMEFIYS
GRFTAQLNKASQYISLLIRDSEKILSDS T
CAVRSAHGYALNFGKGTSLLVTPH
(SEQ IDNO: 12)

Figure 6¢
MAQKEVEQNSGPLSVPEGAIASLNCT S R
GSQSFFWYRQYSGKSPELIMFIYS D B
GRFTAQLNKASQYISLLIRDSKLSDS
CAVRGAHDYALNFGKGTSLLVTPH

(SEQ ID NO: 13)
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Figure 7a
MEAGVTQSPTHLIXKTRGQQVTLRCSPKSGH
DTVSWYQQALGQGPQFIFQYVRGVEROQROEG
PPDRPSGHQFPNYSSELNVNALLLGDSALTY
LCASSDTVSYEQYFGPGEGTRLTVT
(SEQ ID NO: 14)

Figure 7b
MEACGCVTQSPTHLIXTRGEGQQVTLRCSPEKSGH
DTVSWYQQOQALGQGPQFIFQYALGEERQRAG
FPDRPSGHQPFPNYSSELNVNALLLGDSALY
LCASSDTVSYEQYPGPGTRLTVT

(SEQ ID NO: 15)



US 9,255,135 B2

Sheet 9 of 24

Feb. 9, 2016

U.S. Patent

Figure 8a

Figure 8b
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Figure 9a

PEX954
gatctcgatccecgegaaattaatacgactcactatagggagaccacaacggtttcectctagaaataatttgtttaactttaagaaggagatat
aalcgatgiclaactcgaglgacaagletgletgeetaticacegatitigatictcaaacaaalgtglicacaaagtaaggattctgal gltgtatat
cacagacaaatgtgtectagacatgaggictatggacttcaagageaacagtgetgtggectggageaacaaatetgacttigeatgtgcaa
acgccttcaacaacagcattattccagaagacaccttcttceccageccagaaagttcctaagettgaatticegatecggetgctaacaaage
ccgaaaggaagetgagtiggetgetgecaccgctgageaataactageataaceecttgggacctctaaacgggtottgagggaotittitget
gaaaggageaactatatcegeataaticttgaagacgaaaggocctegtgatacgectatttitataggttaatgtcat gataataatggtttctt
agacgtgaggtggcacttticgggraaatgtgegeggaaccectattigtitattitictaaatacattcaaatatgtatccgetcatgagacaat
aaccctgataaatgcttcaataatattttgttaaaattcgegttaaatttttgttaaatcagceteattttttaaccaataggecgaaateggceaaaate
ccttataaatcaaaagaatagaccgagatagggtigagtgttgitccagtitggaacaagagtccactattaaagaacgtggactecaacgte
aaagggcgaaaaaccgtetatcagggcgatggeecactacgtgaaccatcaccctaatcaagttttttgggetegaggteccgtaaageac
taaatcggaaccctaaagggageccecgatttagagettgacggggaaagecggegaacgtggcgagaaaggaaggeaagasagcea
aaggagegggcgctagggegetggeaagtatageggteacgotgegegtaaccaccacaccegeegegettaatgegeegetacaggg
cgegtecaggtggcacttitcgggeaaatgtgegeggaaccectatttgtttatitttctaaatacattcaaatatgtatccgetecatgagacaata
accctgataaatgettcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtegeccttattcecttttttgeggeattttgectte
ctgtttttgctecacccagaaacgetggigaaagtaaaagatgetgaagatcagtiggetocacgagtoggttacatcgaactggatcteaaca
geggtaagateettgagagititcgeeccgaagaacgttitceaatgatgageacttttaaagttctgetatgtggegeggatattatecegtgtty
acgeccegggcaagageaactecggtegecgeatacactattctcagaatgacttggttgagtactcaccagtcacagaaaageatcttacggat
gecatgacagtaagagaattatgcagtgctgecataaccatgagtoataacactgeggecaacttactictgacaacgatcgpaggaccga
aggagetaaccgettttitgcacaacatggeggatcatgtaactegecttgategttgggaaceggagetgaatgaagecataccaaacgac
gagcegtgacaccacgatgectgeageaatggeaacaacgtigegeaaactattaactggegaactacttactctagettcecggeaacaatt
aatagactggatggagocggataaagttgcaggaccactictgegeteggecectteceggetggctagtttattgctpataaatctggagecg
gigageglgggaletegeggatatcatigeageactgggaccagalgglaagecetcecglategtagitatctacacgacggggagteagge

aactatggatgaacgaaatagacagatcgetgag



U.S. Patent Feb. 9, 2016 Sheet 11 of 24 US 9,255,135 B2

Figure 9b

ataggtgccteactgattaageattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaactteatttttaatttaaaaggatct
aggtgaagatccttittgataatctcatgaccaaaateccttaacgtgagttttegttccactgagegteagace
ccgtagaaaagatcaaagpatcttcttgagatectttttttetgegegtaatctgetgettgcaaacaaaaaaaccaccgetaccagegptgatt
tgtttgceggatcaagagetaccaactctttttcegaaggtaactggettcagecagagegeagataccaaatactgtecttetagtgtageegt
agttaggccaccacttcaagaactctgtagcaccgectacatacctegetetgetaatectgttaccagtggctgetgccagtggegataagt
cgtgtcttaccggettggactcaagacgatagttaccggataaggcgeageggtegggctgaacggggogticgtgeacacageccaget
tggagcgaacgacctacaccgaactgagatacctacagegteagetatgagaaagegecacgeticccgaagggagaaaggcggacag
glalccggtaageggeagggleggaacaggagagegeacgagggageticcagggggaaacgeclggatatctitatagtectglegggtt
tcgccacctetgacttgagegtegatttitgtgatgetegtcaggegogcggagectatggaaaaacgecageaacgeggectttitacggtt
cetggecttitgetggecttttgetcacatgttctticctge gttatecectgattetgtggataaccgtattace gectttgagtgagetgataceg
clecgeegeagecgaacgaccgagegeagegagtcaglgagegaggaageggaagagegeclgatgeggtattitctecttacgeatetgt
geggtatttcacaccgeaatggtgeactetcagtacaatetgetctgatgecgeatagttaagecagtatacacteegetategetacgtgact
gggtcatggetgegeccegacaccegecaacaccegetgacgegeectgacgggettgtetgetcoceggeateegettacagacaaget
gtgaccgteteegggagelgeatglgtcagaggltticaceglcalcaccgaaacgegegaggcag

(SEQ 1D NO: 22)
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Figure 10a

PEXS821
gatclegateecgegaaattaatacgacteactatagggagaccacaacggtitcectctagaaataattttgttitaactitangaaggagatat
acatatgaacgctggtgtcactcagaceccaaaattccaggteetgaagacaggacagageatgacactgeagtgtgcccaggatatgaac
catgaatacatgicctggtatcgacaagacccaggeatggggctgaggctgaticattactcagitggtgctggtatcactgaccaaggaga
agtccccaatggetacaatgtetecagatcaaccacagaggatttcecgetcaggetgetgteggctgeteecteccagacatetgtgtactte
tgtgecageaggeegggactagegggagggocgaccagageagtacttegggecggecaccaggctcacggtcacagaggacctgaaa
aacgtgticccacccgagglegetgtgtitgagecatcagaageagagalcteccacacccaaaaggecacactgglglgectggecace
getttetaccccgaccacgtggagetgagetggtogptgaatpgoaagoagotocacagtggagictgcacagaccegeagececeteaa
ggagcageccgecctcaatgactecagatacgetetgageageegectgagggtetecggecacctictggeaggacececgeaaccacit
cegetgteaaglecagticlacgggelcleggagaatgacgagtggacccaggatagggecaaacecglcacceagatlegteagegeeg
aggectggggatagageagactaagcettgaaticcgatceggetgetaacaaageccgaaaggaagetgagttggctgetgecaccgetga
gcaataactageataaccecttgggecctetaaacgggtetigagggetitittgctgaaaggaggaactatatccggataattettgaagacg
aaagggocctcgtgatacgectatttitataggttaatgtecatgataataatggtttcttagacgtecaggtggeacttttcgggpaaatgtocgegg
aacccctatttgtttattttictaaatacattcaaatatgtatccgetcatgagacaataaccetgataaatgettcaataatattttgttaaaattcge
gltaaattttigtltaaatcageleatitittaaccaataggecgaaateggeaaaatcecitataaatcaaaagaatagacegagalagggitgay
tgttgttccagtttggaacaagagtccactattaaagaacgtggactccaacgtcaaagggcgaaaaacegtetatcagggegatggeccac
tacgtgaaccatcaccctaatcaagttttttgggptecgaggteccgtaaageactaaatcggaaccctaaagggagececcgatttagagett
gacggggaaagecggegaacgtggcgagaaaggaaggagaagaaagegaaagpagegepcgetagggegctggcaagigtageggt
cacgetgegegtaaccaccacacccgecgegettaatgegecgetacagggegegteaggtggcactiticggggaaatgtgegeggaa
cecctatttgtttattitfctaaatacattcaaatatgtatcegetcatgagacaataaceet gataaatgettcaataatattgagaaaggaagagt
atgagtattcaacatttcegtgtegececttatteecttttttgecggeattttgecttectgtitttgetcacccagaaacgetggtgaaagtaaaagat
gctgaagatcagtiggatacacgagtgggttacatcgaactggatcicaacageggtaagatecttgagagttttcgecccgaagaacgtttt
ccaalgatgageacttitaaagtictgetalglggegegglattalceeglgltgacgecgggeaagageaacleggtegecgeatacactatt
ctcagaatgacttggttgagtactcaccagtcacagaaaageatcttacggatggcatgacagtaagagaattatgeagtgetgccataacea
tgagtgataacactgeggecaacttactictgacaacgatcggaggaccgaaggagetaaccgetitttigeacaacatgggggatcatgta
actegectlgatcgtigggaaccggagelgaatgaagecataccaaacgacgageglgacaccacgatgeclgeageaatggeaacaac
gttgcgeaaactattaactggegaactacttactetagettcceggeaacaattaatagactggatgeaggeggataaagttgeaggaccact
tetgegeteggeecticeggetgactggtttattgctgataaatetggageegatgagegtggatetegeggtateattgeageactgggece
agatgetaagecctececgtategtagttatctacacgacgggpgagtcaggeaactatggatgaacgaaatagacagategetgagatagat
gecteactgattaageattggtaactgtcagaccaagtttacteatatatactttagattgatttaaaacttcatttttaatttanaaggatctaggty
aagatccttittgataatctcatgaccaaaateccltaacgtgagtittegitecactgage glcagaceceglagaaaagatcaaaggatctict
toagatcctttttttctgegegtaatctgetgettgeaaacaaaaaaaccacegetaccageggtggtitgtitgecggatcaagagetaceaac
tetitttccgaaggtaactggcettcagecagagegeagataccaaatactgtectictagtgtagecgtagttaggecaccacttcaagaactetg
tagcaccgectacatacetegetetgetaatectgttaccaglggelgetgecaglggegataagtegtgletltacegggttggacicaagac
gatagttaccggataaggegeageggtegggcetgaacgggegattcgtgcacacageccagettggagegaacgacctacacegaact
gagatacctacagegigagetatgagaaagegecacgeticecegaagggagaaaggcggacaggtatee
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Figure 10b

ggtaagegecagggtcggaacaggagagegeacgagggagettccagggggaaacgectggtatetitatagtectgtcgggtttegee

acctetgactigagegtegatttitgtgatgctegtcaggggegcggageoctatggaaaaacgecageaacgeggecttittacggtiectgg
cettttgetggecttttgeteacatgtictttectgegttatceectgattetgtggataaccgtattace gectttgagtgagetgatacegetege

cgeagecgaacgaccgagegeagegagicaglgagegaggaageggaagagegeetgatgeggtattltetecttacgeatetgtgegg
tatttcacaccgeaatggtgcactctcagtacaatctgetetgatgecgeatagttaagecagtatacactcegetatcgetacgtgactgggte
atggcetgegecccgacaccecgecaacaceegetgacgegecctgacgggcttgtetgeteccggeatecgettacagacaagetgtgace
gteteegggagetgeatgtgtcagaggtittcaccgteatcaccgaaacgegegaggeag

(SEQ ID NO: 23
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Figure 12a
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Figure 13
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Figure 14
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Figure 15a

atgatgaagagcctgagggtgectgetggtgatectgtggetgeagectgtectgggtgtggagecageag
aaggaggtggageagaatageggeccetotgagegtgecegagggogeeategecagectgaactgtace
tacagcgacagaggcagcecagagettettectggtacaggecagtacageggecaagageccegagetgatt
atgttecatctacagecaacggegacaaggaggacggeagattecacegeccagectgaacaaggccagecag
tacatcagectgetgatoegggatageaagetgtocgacagegecacctacetgtgtgecgtgagaace
aatagcggctacgeccctgaattteggeaagggeacecagectgetggtgacececcacatccagaatect
gaccccogeegtgtaccagetgagagacageaagagecagegacaagagegtgtgtetgttcacegactte
gacagccagaccaacgtgtcecagagecaaggacagegacgtgtacatcaccgacaagacegtgetggac
atgaggagcatggacttcaagagcaacagegecgtggectggagecaacaagagegacttegectgtgec
aacgcettcaacaacagecatcatecccegaggacacetitttteccecageectgagageagetgtgacgtg
aaactggtggagaagagcttcgagaccgacaccaacctgaacttececagaacctgagegtgateggette
agaatcctgetgetgaaggtggecggattecaacctgetgatgacectgagactgtggagecage

(SEQ ID NO: 25)

Figure 15b

atgggaccecggcctgetgtgectgggecctgetgtgeoctgetgggagecggactggtggacgecggagtyg
acccagagecccacccacetgattaagaccaggggecagcaggtgaceetgagatgtagecctaagage
ggccacgataccgtgtcctggtatcagecaggecctgggeccagggaceccagttcatcttececagtactac
gaggaggaggagaggcagagaggcaacttecceccgacagattcageggeccaccagttcecccaattacage
agcegagetgaacgtgaatgecectgetgetgggecgacagegecetgtacctgtgtgecagecagegacaca
gtgagctacgagecagtactteggecctggecaccagactgacegtgaccgaggacctgaagaacgtgtte
cctooctgaggtggecgtgttegageccagegaggecgagatcagecacaceccagaaggecaceetggtyg
tgtctggecaccggettetaccecegaccacgtggagetgtectggtgggtgaacggecaaggaggtgeac
agcggcgtgtccaccgaccceccageccctgaaggageageeecgecctgaacgatagecaggtactgectyg
agcagcaggctgagagtgagegccaccttetggecagaaccecceggaaccacttecagatgecaggtgecag
ttctacggectgagegagaacgacgagtggaceccaggatagagecaageccgtgacecagategtgteo
gecgaggectggggcagagecgactgtggettecaccagegagagetaccagecagggegtgetgteegee
accatccectgtacgagatectgetgggecaaggccacactgtacgecgtgetggtgtecgecectggtgetyg
atggctatggtgaagcggaaggacagecaggggc

(SEQ ID NO: 26)
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Figure 16a

MMKSLRVLLVILWLQLSWVWSQQKEVEQNSGPLZSYV
PEGATITASLNCTYSDRGSQSFFWYRQYSGKSPELIM

FIYSNGDKEDGRFTAQLNXKASQYISLLIRDSIKLS SED
SATYLCAVRTNSGYALNFGKGTSLLVTPHIQNPDTP
AVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDV
YITDXKTVLDMRSMDFKSNSAVAWSNIKSDFACANATF
NNSIIPEDTFFPSPESSCDVKLVEKSPFETDTNLNTFEF

QNLSVIGFRILLLKVAGSGFNLLMTLRILWSS

(SEQ ID NO: 27)

Figure 16b

MGPELLCWALLCLLGAGLVDAGVTQSPTHLIKTRG
QCQVTLRCSPKSGHDTVSWYQQALGQGPQPFIFQYYE
EEERQRGNFPDRFSGHQFPNYSSELNVNALLLGDS
ALYLCASSDTVEYEQYFGPGETRLTVTEDLEKNVEFZPP
EVAVFEPSEAEISHTQKATLVCLATGFYPDHVELS

WWVNGKEVHSCGVSTDPQPLKEQPALNDSRYCLSSR

LRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDRA
KPVTQIVSAEAWGRADCGEGFTSESYQQGVLSATILY

EILLGKATLYAVLVSALVLMAMYVEKREKDSRG

(SEQ ID NO: 28)
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Figure 17a
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Figure 18a
MAQKEVEQNSGPLSVPEGAIASLNCTYSDR
GSQSFFWYRQYSGKSPELIMFIYSNGDEKETD
GRFTAQLNEKASQYISLLIRDSKLSDSATYL
CAVRGAHDYALNFGKGTSLLVTPHIQNPD?P
AVYQLRDSKSSDKSVCLFTDFDSQTNVSQS
KDSEDVYITDKCVLDMRSMDFKSNSAVAWSN
KSDFACANAFNNSIIPEDTFEFFPSPESS
(SEQ ID NO: 29)

Figure 18b
MEAGVTQSPTHLI KTRGQQVTLRCSPKSGH
DTVSEWYOQQALGQGPQFIFQYALGEEROQRGN
FPDRFSGHQFPNYSSELNVNALLLGDSALY
LCASSDTVSYEQYFGPGTRLTVTEDLEKNVYVEF
PPEVAVFEPSEAEISHTQKATLVCLATGEFY
PDHVELSWWVNGKEVHSGVCTDPQPLKEQTP
ALNDSRYALSSRLRVSATFWQDPERNHFRCOQ
VOFPYGLSENDEWTQDRAXPVTQIVSAEAWRG
RAD

(SEQ ID NO: 30)
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Figure 19a
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Figure 21
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HIGH AFFINITY HIV T CELL RECEPTORS

RELATED APPLICATIONS AND
INCORPORATION BY REFERENCE

This application is a Divisional of U.S. application Ser. No.
11/887,536, filed Nov. 7, 2008, now U.S. Pat. No. 8,378,074
which is a National Stage application of co-pending PCT
application PCT/GB2006/001147 filed on Mar. 29, 2006,
which was published in English under PCT Article 21(2) on
Oct. 5, 2006, and which claims the benefit of GB 0506760.8
filed Apr. 1, 2005 and GB 0516487.6 filed Aug. 10, 2005.
These applications are incorporated herein by reference in
their entireties.

FIELD OF THE INVENTION

The present invention relates to T-cell receptors (TCRs)
having the property of binding to HIV Gag polypeptide-
derived SLYNTVATL-HLA-A*0201. The TCRs comprise at
least one TCR a chain variable domain and/or at least one
TCR B chain variable domain and have a K, for the said
SLYNTVATL-HLA-A*0201 complex of less than or equal to
104 and/or has an off-rate (k) for the SLYNTVATL-HLA-
A*0201 complex of 1x107> S™* or slower.

BACKGROUND OF THE INVENTION

The Human Immuno-deficiency Virus (HIV) is the caus-
ative agent of Acquired Immuno-deficiency Disease Syn-
drome (AIDS). The virus is an enveloped retrovirus belong-
ing to the lentivirus group. The SLYNTVATL (SEQ ID NO:
16) peptide is derived from the g17 gene product of the Gag
gene, one of nine genes which make up the Human Immuno-
deficiency Virus-1 (HIV-1) The peptide is loaded by HLA-
A*0201 and presented on the surface of HIV infected cells.
Therefore, the SLYNTVATL-HLA-A2*0201 complex pro-
vides an HIV marker that TCRs can target, for example for the
purpose of delivering cytotoxic or immuno-stimulatory
agents to the infected cells. However, for that purpose it
would be desirable if the TCR had a high affinity and/or a slow
off-rate for the peptide-HLA complex.

SUMMARY OF THE INVENTION

This invention makes available for the first time TCRs
having an affinity (K,,) of less than or equal to 104, and/or an
off-rate (k) of 1x1072 S7! or slower, for the SLYNTVATL-
HLA-A*0201 complex PROVIDED THAT when the said
TCR is presented by cell and comprises SEQ ID NOs: 1 and
2, the cell is not a native T cell. Such TCRs are useful, either
alone or associated with a therapeutic agent, for targeting
HIV infected cells presenting that complex.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way of
example, but not intended to limit the invention solely to the
specific embodiments described, may best be understood in
conjunction with the accompanying drawings.

FIGS. 1a and 15 detail the alpha chain variable domain
amino acid and beta chain variable domain amino acid
sequences of the parental HIV Gag TCR respectively.

FIGS. 2a and 256 show respectively the DNA sequence of
soluble versions of the parental HIV Gag TCR a.and f§ chains.
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FIGS. 3a and 35 show respectively the HIV Gag TCR «
and P chain extracellular amino acid sequences produced
from the DNA sequences of FIGS. 2a and 25.

FIGS. 4a and 4b show respectively the DNA sequence of
soluble versions of the HIV Gag TCR a and f§ chains mutated
to enocode additional cysteine residues to form a non-native
disulfide bond. The mutated codon is indicated by shading
and The introduced restriction enzyme recognition sites are
underlined.

FIGS. 5a and 56 show respectively the HIV Gag TCR «
and P chain extracellular amino acid sequences produced
from the DNA sequences of FIGS. 4a and 44. The introduced
cysteine in each chain is indicated by shading.

FIGS. 6a-6¢ detail the alpha chain variable domain amino
acid sequences of the high affinity HIV Gag TCR variants.

FIGS. 7a and 7b detail the beta chain variable domain
amino acid sequences of the high affinity HIV Gag TCR
variants.

FIG. 8a details the amino acid sequence of a soluble por-
tion of TRAC.

FIG. 8b details the amino acid sequence of a soluble por-
tion of TRBC1.

FIG. 8¢ details the amino acid sequence of a soluble por-
tion of TRBC2.

FIGS. 9a and 954 detail the DNA sequence of the pEX954
plasmid.

FIGS. 104 and 105 detail the DNA sequence of the pEX821
plasmid.

FIG. 11 details the beta chain amino acid sequences of the
parental soluble HIV Gag TCR variant fused via a peptide
linker to wild-type human I[.-2. The amino acids of the linker
and IL-2 are indicated in italics.

FIGS. 124 and 126 provide the Biacore response curves
generated for the interaction of the soluble disulfide-linked
parental HIV Gag TCR and the SLYNTVATL-HLA-A*0201
complex.

FIG. 13 provides a plasmid map of the pEX954 plasmid.

FIG. 14 provides a plasmid map of the pEX821 plasmid.

FIG. 15a provides the full-length DNA sequence of the
parental HIV Gag TCR « chain optimised for expression in
human T cells.

FIG. 155 provides the full-length DNA sequence of the
parental HIV Gag TCR p chain optimised for expression in
human T cells.

FIG. 16a provides the full-length amino acid sequence of
the parental HIV Gag TCR a chain.

FIG. 1654 provides the full-length amino acid sequence of
the parental HIV Gag TCR f chain optimised for expression
in human T cells.

FIG. 17a provides FACS analysis data for untransduced
contro] CDg* 7 </

FIG. 17b provides FACS analysis data demonstrating
expression of the parental HIV Gag TCR on the surface of
transduced CDg* ¥ <’

FIGS. 18a and 186 provide the amino acids sequences of
the alpha and beta chains of a soluble disulfide-linked high
affinity c11c6 HIV Gag TCR .respectively.

FIG. 19a demonstrates the ability of soluble disulfide-
linked high affinity c11c¢6 HIV Gag TCRs to inhibit the acti-
vation of the SLYNTVATL-HLA-A*0201 reactive OX84
polyclonal T cell line in the presence of To cells infected with
HIV as measured by IFN-y production.

FIG. 195 demonstrates the ability of soluble disulfide-
linked high affinity c11c¢6 HIV Gag TCRs to inhibit the acti-
vation of the SLYNTVATL-HLA-A*0201 reactive OX84
polyclonal T cell line in the presence of To cells infected with
HIV as measured by TNF-a production.
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FIG. 20a demonstrates the ability of soluble disulfide-
linked high affinity c11c6 HIV Gag TCRs to inhibit the acti-
vation of the SLYNTVATL-HLA-A*0201 reactive OX84
polyclonal T cell line in the presence of SLYNTVATL pep-
tide-pulsed uninfected To cells as measured by IFN y produc-
tion.

FIG. 2056 demonstrates the ability of soluble disulfide-
linked high affinity c11c6 HIV Gag TCRs to inhibit the acti-
vation of the SLYNTVATL-HLA-A*0201 reactive OX84
polyclonal T cell line in the presence of SLYNTVATL pep-
tide-pulsed uninfected To cells as measured by TNF-a pro-
duction.

FIG. 21 demonstrates the ability of soluble disulfide-linked
high affinity c11c6 HIV Gag TCRs to stain SLYNTVATL
peptide-pulsed T2 cells.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a T-cell receptor (TCR)
having the property of binding to SLYNTVATL-HLA-
A*0201 and comprising at least one TCR « chain variable
domain and/or at least one TCR f§ chain variable domain
CHARACTERISED IN THAT said TCR has a K, for the said
SLYNTVATL-HLA-A*0201 complex of less than or equal to
1 pM and/or has an off-rate (k ;) for the SLYNTVATL-HLA-
A*0201 complex of 1x107> S~! or slower, PROVIDED
THAT when the said TCR is presented by cell and comprises
SEQ ID NOs: 1 and 2, the cell is not a native T cell.

The K, and/or (k,,) measurement can be made by any of
the known methods. A preferred method is the Surface Plas-
mon Resonance (Biacore) method of Example 4.

For comparison, the interaction of a disulfide-linked
soluble variant of the parental HIV gag TCR (see SEQ ID NO:
9 for TCR a chain and SEQ ID NO: 10 for TCR p chain) and
the SLYNTVATL-HLA-A*0201 complex has a K, of
approximately 85 nM and an off-rate (k_ ) of 2.21x1072 S~*
as measured by the Biacore-base method of Example 4.

The parental HIV Gag TCR specific for the SLYNTVATL-
HLA-A*0201 complex has the following Valpha chain and
Vbeta chain gene usage:

Alpha chain—TRAV12.2

Beta chain:—TRBV 5.6

The parental HIV Gag TCR can be used as a template from
which other TCRs of the invention with high affinity and/or a
slow off-rate for the interaction between said TCRs and the
SLYNTVATL-HLA-A*0201 complex can be produced. Thus
the invention includes TCRs which are mutated relative to the
parental HIV Gag TCR a chain variable domain (see FIG. 1a
and SEQ ID No: 1) and/or §§ chain variable domain (see FIG.
15 and SEQ ID NO: 2) in at least one complementarity deter-
mining region (CDR) and/or variable domain framework
region thereof. It is also contemplated that other hypervari-
able regions in the variable domains of the TCRs of the
invention, such as the hypervariable 4 (HV4) regions, may be
mutated within a high affinity mutant TCR.

Phage display provides one means by which libraries of
TCR variants can be generated. Methods suitable for the
phage display and subsequent screening of libraries of TCR
variants each containing a non-native disulfide interchain
bond are detailed in (Li et al., (2005) Nature Biotech 23 (3):
349-354) and WO 2004/04404.

Native TCRs exist in heterodimeric o.f or yd forms. How-
ever, recombinant TCRs consisting of a single TCR e or TCR
[ chain have previously been shown to bind to peptide MHC
molecules.
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Inone embodiment the TCR of the invention comprise both
an o chain variable domain and an TCR p chain variable
domain.

As will be obvious to those skilled in the art the mutation(s)
in the TCR a chain sequence and/or TCR f chain sequence
may be one or more of substitution(s), deletion(s) or inser-
tion(s). These mutations can be carried out using any appro-
priate method including, but not limited to, those based on
polymerase chain reaction (PCR), restriction enzyme-based
cloning, or ligation independent cloning (LIC) procedures.
These methods are detailed in many of the standard molecular
biology texts. For further details regarding polymerase chain
reaction (PCR) mutagenesis and restriction enzyme-based
cloning see (Sambrook & Russell, (2001) Molecular Clon-
ing—A Laboratory Manual (3" Ed.) CSHL Press) Further
information on LIC procedures can be found in (Rashtchian,
(1995) Curr Opin Biotechnol 6 (1): 30-6)

It should be noted that any a.f TCR that comprises similar
Valpha and Vbeta gene usage and therefore amino acid
sequence to that of the HIV Gag TCR could make a conve-
nient template TCR. It would then be possible to introduce
into the DNA encoding one or both of the variable domains of
the template a.f TCR the changes required to produce the
mutated high affinity TCRs of the invention. As will be obvi-
ous to those skilled in the art, the necessary mutations could
be introduced by a number of methods, for example site-
directed mutagenesis.

The TCRs of the invention include those in which one or
more of the TCR alpha chain variable domain amino acids
corresponding to those listed below are mutated relative to the
amino acid occurring at these positions in the sequence pro-
vided for the parental HIV Gag TCR alpha chain variable
domain in FIG. 1a and SEQ ID No: 1.

Unless stated to the contrary, the TCR amino acid
sequences herein are generally provided including an N-ter-
minal methionine (Met or M) residue. As will be known to
those skilled in the art this residue may be removed during the
production of recombinant proteins. As will also be obvious
to those skilled in the art, it may be possible to truncate the
sequences provided at the C-terminus and/or N-terminus
thereof, by 1, 2, 3, 4, 5 or more residues, without substantially
affecting the pMHC binding characteristics of the TCR, all
such trivial variants are encompassed by the present inven-
tion.

As used herein the term “variable region” is understood to
encompass all amino acids of a given TCR which are not
included within the constant domain as encoded by the TRAC
gene for TCR « chains and either the TRBC1 or TRBC2
genes for TCR f chains. (T cell receptor Factsbook, (2001)
LeFranc and LeFranc, Academic Press, ISBN 0-12-441352-
8)

As used herein the term “variable domain” is understood to
encompass all amino acids of a given TCR which are encoded
by a TRAV gene for TCR . chains and a TRBV gene for TCR
P chains. (T cell receptor Factsbook, (2001) LeFranc and
LeFranc, Academic Press, ISBN 0-12-441352-8)

As is known to those skilled in the art, part of the diversity
of'the TCR repertoire is due to variations which occur in the
amino acid encoded by the codon at the boundary between the
variable region, as defined herein, and the constant domain.
For example, the codon that is present at this boundary in the
parental HIV Gag TCR sequence results in the presence of the
Histidine (H) residue at the C-terminal of the variable region
sequences herein. This Histidine replaces the N-terminal
Asparagine (N) residue encoded by the TRAC gene shown in
FIG. 8a.
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Embodiments of the invention include mutated TCRs
which comprise mutation of one or more of alpha chain
variable region amino acids corresponding to: 95T, 96N, 978,
98G, and 100A, for example the amino acids:

95Sor G

96A

97H

98D

1008
The numbering used above is the same as that shown in FIG.
1a and SEQ ID No: 1

Embodiments of the invention also include TCRs which
comprise mutation of one or more of the TCR beta chain
variable region amino acids corresponding to those listed
below, are relative to the amino acid occurring at these posi-
tions in the sequence provided for the native HIV Gag TCR
alpha chain variable region of the native HIV Gag TCR beta
chain in FIG. 16 and SEQ ID No: 2. The amino acids referred
to which may be mutated are: 51Y, 52E, 53E and 54E, for
example:

51VorA

52RorLL

53G

54V
The numbering used above is the same as that shown in FIG.
16 and SEQ ID No: 2

Further preferred embodiments of the invention are pro-
vided by TCRs comprising one of the mutated alpha chain
variable region amino acid sequences shown in FIG. 6 (SEQ
ID Nos: 11 to 13). Phenotypically silent variants of such
TCRs also form part of this invention.

Additional preferred embodiments of the invention are
provided by TCRs comprising one of the mutated beta chain
variable region amino acid sequences shown in FIG. 7. (SEQ
ID Nos: 14 and 15). Phenotypically silent variants of such
TCRs also form part of this invention.

Native TCRs exist in heterodimeric o.f or yd forms. How-
ever, recombinant TCRs consisting of act or B homodimers
have previously been shown to bind to peptide MHC mol-
ecules. Therefore, one embodiment of the invention is pro-
vided by TCR act or TCR B homodimers.

Further preferred embodiments are provided by TCRs of
the invention comprising the alpha chain variable region
amino acid sequence and the beta chain variable region amino
acid sequence combinations listed below, phenotypically
silent variants of such TCRs also form part of this invention:

Beta chain variable
region sequence,

Alpha chain variable
region sequence,

SEQ ID NO: SEQ ID NO:
1 2
1 14
1 15

11 2
12 2
13 2
12 15
13 15
12 14
13 14

In another preferred embodiment TCRs of the invention
comprising the variable regioi combinations detailed above
further comprise the alpha chain constant domain amino acid
sequence shown in FIG. 8a (SEQ ID NO: 19) and one of the
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6
beta chain amino acid constant domain sequences shown in
FIGS. 85 and 8¢ (SEQ ID NOs: 20 and 21) or phenotypically
silent variants thereof.

As used herein the term “phenotypically silent variants™ is
understood to refer to those TCRs which have a K, for the
said SLYNTVATL-HLA-A*0201 complex of less than or
equal to 1 uM and/or have an off-rate (k) of 1x107> S~ or
slower. For example, as is known to those skilled in the art, it
may be possible to produce TCRs that incorporate minor
changes in the constant domain and/or variable regions
thereof compared to those detailed above without altering the
affinity and/or oft-rate for the interaction with the SLYNT-
VATL-HLA-A*0201 complex. Such ftrivial variants are
included in the scope of this invention. Those TCRs in which
one or more conservative substitutions have been made also
form part of this invention.

In one broad aspect, the TCRs of the invention are in the
form of either single chain TCRs (scTCRs) or dimeric TCRs
(dTCRs) as described in WO 04/033685 and WO 03/020763.

A suitable scTCR form comprises a first segment consti-
tuted by an amino acid sequence corresponding to a TCR «
chain variable region, a second segment constituted by an
amino acid sequence corresponding to a TCR [ chain variable
region sequence fused to the N terminus of an amino acid
sequence corresponding to a TCR 3 chain constant domain
extracellular sequence, and a linker sequence linking the C
terminus of the first segment to the N terminus of the second
segment.

Alternatively the first segment may be constituted by an
amino acid sequence corresponding to a TCR [ chain variable
region, the second segment may be constituted by an amino
acid sequence corresponding to a TCR a chain variable
region sequence fused to the N terminus of an amino acid
sequence corresponding to a TCR a chain constant domain
extracellular sequence

The above scTCRs may further comprise a disulfide bond
between the first and second chains, said disulfide bond being
one which has no equivalent in native T cell receptors, and
wherein the length of the linker sequence and the position of
the disulfide bond being such that the variable domain
sequences of the first and second segments are mutually ori-
entated substantially as in native o T cell receptors.

More specifically the first segment may be constituted by
an amino acid sequence corresponding to a TCR « chain
variable region sequence fused to the N terminus of an amino
acid sequence corresponding to a TCR o chain constant
domain extracellular sequence, the second segment may be
constituted by an amino acid sequence corresponding to a
TCR p chain variable region fused to the N terminus of an
amino acid sequence corresponding to TCR { chain constant
domain extracellular sequence, and a disulfide bond may be
provided between the first and second chains, said disulfide
bond being one which has no equivalent in native afT cell
receptors.

Inthe above scTCR forms, the linker sequence may link the
C terminus of the first segment to the N terminus ofthe second
segment, and may have the formula —PGGG-(SGGGG),,-
P— whereinn is 5 or 6 and P is proline, G is glycine and S is
serine.

(SEQ ID NO: 17)
- PGGG - SGGGGSGGGGSGGEESGGEGESGGGG - P
(SEQ ID NO: 18)

- PGGG-SGGGGSGGGGSGGEEGESGGGEGSGGGESGGEGE-P
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A suitable dTCR form ofthe TCRs of the present invention
comprises a first polypeptide wherein a sequence correspond-
ing to a TCR a chain variable region sequence is fused to the
N terminus of a sequence corresponding to a TCR a chain
constant domain extracellular sequence, and a second
polypeptide wherein a sequence corresponding to a TCR
chain variable region sequence fused to the N terminus a
sequence corresponding to a TCR [} chain constant domain
extracellular sequence, the first and second polypeptides
being linked by a disulfide bond which has no equivalent in
native a.pT cell receptors.

The first polypeptide may comprise a TCR a chain variable
region sequence is fused to the N terminus of a sequence
corresponding to a TCR a chain constant domain extracellu-
lar sequence, and a second polypeptide wherein a sequence
corresponding to a TCR [ chain variable region sequence is
fused to the N terminus a sequence corresponding to a TCR
chain constant domain extracellular sequence, the first and
second polypeptides being linked by a disulfide bond
between cysteine residues substituted for Thr 48 of exon 1 of
TRAC*01 and Ser 57 of exon 1 of TRBC1#01 or TRBC2%01
or the non-human equivalent thereof (“TRAC” etc. nomen-
clature herein as per T cell receptor Factsbook, (2001)
LeFranc and LeFranc, Academic Press, ISBN 0-12-441352-
8).

The dTCR or scTCR form of the TCRs of the invention
may have amino acid sequences corresponding to human a3
TCR extracellular constant domain and variable region
sequences, and a disulfide bond may link amino acid residues
of the said constant domain sequences, which disulfide bond
has no equivalent in native TCRs. The disulfide bond is
between cysteine residues corresponding to amino acid resi-
dues whose 3 carbon atoms are less than 0.6 nm apart in native
TCRs, for example between cysteine residues substituted for
Thr 48 of exon 1 of TRAC*01 and Ser 57 of exon 1 of
TRBC1*01 or TRBC2*01 or the non-human equivalent
thereof. Other sites where cysteines can be introduced to form
the disulfide bond are the following residues in exon 1 of
TRAC*01 for the TCR o chain and TRBC1*01 or
TRBC2*01 for the TCR p chain:

TCR a TCR P Native p carbon
chain chain separation (nm)
Thr 45 Ser 77 0.533

Tyr 10 Ser 17 0.359

Thr 45 Asp 59 0.560

Ser 15 Glu 15 0.59

In addition to the non-native disulfide bond referred to
above, the dTCR or sc TCR form of the TCRs of the invention
may include a disulfide bond between residues corresponding
to those linked by a disulfide bond in native TCRs.

The dTCR or scTCR form of the TCRs of the invention
preferably does not contain a sequence corresponding to
transmembrane or cytoplasmic sequences of native TCRs.

TCRs of the invention bind strongly to the SLYNTVATL-
HLA-A2*0201. These TCRs also bind to an altered, but still
useful, extent to naturally occurring variants of the HIV Gag-
derived SLYNTVATL when loaded by HLA-A*0201. Vari-
ants of the SLYNTVATL which have been isolated from AIDs
patients include the following (Sewell et al., (1997) Eur J
Immunol. 27: 2323-2329):

SLENTVATL

SLENTVAVL

SLSNTVATL

SSENTVATL
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SLLNTVATL

SLYNTIATL

SLYNTIAVL

SLENTIATL

SLENTIAVL

SLENEFVATL

The mutated amino acids are underlined.

PEGylated TCR Monomers

In one particular embodiment a TCR of the invention is
associated with at least one polyalkylene glycol chain(s). This
association may be cause in a number of ways known to those
skilled in the art. In a preferred embodiment the polyalkylene
chain(s) is/are covalently linked to the TCR. In a further
embodiment the polyethylene glycol chains of the present
aspect of the invention comprise at least two polyethylene
repeating units.

Multivalent TCR Complexes

One aspect of the invention provides a multivalent TCR
complex comprising at least two TCRs of the invention. In
one embodiment of this aspect, at least two TCR molecules
are linked via linker moieties to form multivalent complexes.
Preferably the complexes are water soluble, so the linker
moiety should be selected accordingly. Furthermore, it is
preferable that the linker moiety should be capable of attach-
ment to defined positions on the TCR molecules, so that the
structural diversity of the complexes formed is minimised.
One embodiment of the present aspect is provided by a TCR
complex of the invention wherein the polymer chain or pep-
tidic linker sequence extends between amino acid residues of
each TCR which are not located in a variable region sequence
of the TCR.

Since the complexes of the invention may be for use in
medicine, the linker moieties should be chosen with due
regard to their pharmaceutical suitability, for example their
immunogenicity.

Examples of linker moieties which fulfil the above desir-
able criteria are known in the art, for example the art of linking
antibody fragments.

There are two classes of linker that are preferred for use in
the production of multivalent TCR molecules of the present
invention. A TCR complex of the invention in which the
TCRs are linked by a polyalkylene glycol chain provides one
embodiment of the present aspect.

The first are hydrophilic polymers such as polyalkylene
glycols. The most commonly used of this class are based on
polyethylene glycol or PEG, the structure of which is shown
below.

HOCH,CH,O(CH,CH,0),—CH,CH,0H

Wherein n is greater than two. However, others are based
on other suitable, optionally substituted, polyalkylene glycols
include polypropylene glycol, and copolymers of ethylene
glycol and propylene glycol.

Such polymers may be used to treat or conjugate therapeu-
tic agents, particularly polypeptide or protein therapeutics, to
achieve beneficial changes to the PK profile of the therapeu-
tic, for example reduced renal clearance, improved plasma
half-life, reduced immunogenicity, and improved solubility.
Such improvements in the PK profile of the PEG-therapeutic
conjugate are believe to result from the PEG molecule or
molecules forming a ‘shell’ around the therapeutic which
sterically hinders the reaction with the immune system and
reduces proteolytic degradation. (Casey et al, (2000) Tumor
Targetting 4 235-244) The size of the hydrophilic polymer
used my in particular be selected on the basis of the intended
therapeutic use of the TCR complex. There are numerous
review papers and books that detail the use of PEG and similar
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molecules in pharmaceutical formulations. For example, see
Harris (1992) Polyethylene Glycol Chemistry—Biotechnical
and Biomedical Applications, Plenum, New York, N.Y. or
Harris & Zalipsky (1997) Chemistry and Biological Applica-
tions of Polyethylene Glycol ACS Books, Washington, D.C.

The polymer used can have a linear or branched conforma-
tion. Branched PEG molecules, or derivatives thereof, can be
induced by the addition of branching moieties including glyc-
erol and glycerol oligomers, pentaerythritol, sorbitol and
lysine.

Usually, the polymer will have a chemically reactive group
or groups in its structure, for example at one or both termini,
and/or on branches from the backbone, to enable the polymer
to link to target sites in the TCR. This chemically reactive
group or groups may be attached directly to the hydrophilic
polymer, or there may be a spacer group/moiety between the
hydrophilic polymer and the reactive chemistry as shown
below:

Reactive chemistry-Hydrophilic polymer-Reactive chem-
istry

Reactive chemistry-Spacer-Hydrophilic polymer-Spacer-
Reactive chemistry

The spacer used in the formation of constructs of the type
outlined above may be any organic moiety that is a non-
reactive, chemically stable, chain, Such spacers include, by
are not limited to the following:

—(CH,),— wherein #=2to 5

—(CH,);NHCO(CH,),

A TCR complex of the invention in which a divalent alky-
lene spacer radical is located between the polyalkylene glycol
chain and its point of attachment to a TCR of the complex
provides a further embodiment of the present aspect.

ATCR complex of the invention in which the polyalkylene
glycol chain comprises at least two polyethylene glycol
repeating units provides a further embodiment of the present
aspect.

There are a number of commercial suppliers of hydrophilic
polymers linked, directly or via a spacer, to reactive chemis-
tries that may be of use in the present invention. These sup-
pliers include Nektar Therapeutics (CA, USA), NOF Corpo-
ration (Japan), Sunbio (South Korea) and FEnzon
Pharmaceuticals (NJ, USA).

Commercially available hydrophilic polymers linked,
directly or via a spacer, to reactive chemistries that may be of
use in the present invention include, but are not limited to, the
following:

PEG linker Source Catalogue
Description of PEG Number
TCR Monomer attachment
5K linear (Maleimide) Nektar 2D2MOHO1
20K linear (Maleimide) Nektar 2D2MOPO1
20K linear (Maleimide) NOF SUNBRIGHT
Corporation ME-200MA
20K branched (Maleimide) NOF SUNBRIGHT
Corporation GL2-200MA
30K linear (Maleimide) NOF SUNBRIGHT
Corporation ME-300MA
40K branched PEG (Maleimide) Nektar 2D3XO0TO1
SK-NP linear NOF SUNBRIGHT
(for Lys attachment) Corporation MENP-50H
10K-NP linear NOF SUNBRIGHT
(for Lys attachment) Corporation MENP-10T
20K-NP linear NOF SUNBRIGHT
(for Lys attachment) Corporation MENP-20T
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-continued
PEG linker Source Catalogue
Description of PEG Number
TCR dimer linkers
3.4K linear (Maleimide) Nektar 2D2DOFO2
5K forked (Maleimide) Nektar 2D2DOHOF
10K linear (with orthopyridy! ds- Sunbio
linkers in place of Maleimide)
20K forked (Maleimide) Nektar 2D2DOPOF
20K linear (Maleimide) NOF

Corporation

40K forked (Maleimide) Nektar 2D3XOTOF
Higher order TCR multimers
15K, 3 arms, Mal; (for trimer) Nektar OJOONO3
20K, 4 arms, Mal, (for tetramer) Nektar 0OJOOPO4
40K, 8 arms, Malg (for octamer) Nektar 0OJOOTO8

A wide variety of coupling chemistries can be used to
couple polymer molecules to protein and peptide therapeu-
tics. The choice ofthe most appropriate coupling chemistry is
largely dependant on the desired coupling site. For example,
the following coupling chemistries have been used attached
to one or more of the termini of PEG molecules (Source:
Nektar Molecular Engineering Catalogue 2003):

N-maleimide

Vinyl sulfone

Benzotriazole carbonate

Succinimidyl proprionate

Succinimidyl butanoate

Thio-ester

Acetaldehydes

Acrylates

Biotin

Primary amines

As stated above non-PEG based polymers also provide
suitable linkers for multimerising the TCRs of the present
invention. For example, moieties containing maleimide ter-
mini linked by aliphatic chains such as BMH and BMOE
(Pierce, products Nos. 22330 and 22323) can be used.

Peptidic linkers are the other class of TCR linkers. These
linkers are comprised of chains of amino acids, and function
to produce simple linkers or multimerisation domains onto
which TCR molecules can be attached. The biotin/streptavi-
din system has previously been used to produce TCR tetram-
ers (see W0/99/60119) for in-vitro binding studies. However,
strepavidin is a microbially-derived polypeptide and as such
not ideally suited to use in a therapeutic.

A TCR complex of the invention in which the TCRs are
linked by a peptidic linker derived from a human multimeri-
sation domain provides a further embodiment of the present
aspect.

There are a number of human proteins that contain a mul-
timerisation domain that could be used in the production of
multivalent TCR complexes. For example the tetramerisation
domain of p53 which has been utilised to produce tetramers of
scFv antibody fragments which exhibited increased serum
persistence and significantly reduced off-rate compared to the
monomeric scFV fragment. (Willuda et al. (2001) J. Biol.
Chem. 276 (17) 14385-14392) Haemoglobin also has a tet-
ramerisation domain that could potentially be used for this
kind of application.

A multivalent TCR complex of the invention comprising at
least two TCRs provides a final embodiment of this aspect,
wherein at least one of said TCRs is associated with a thera-
peutic agent.
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Inoneaspecta TCR (or multivalent complex thereof) of the
present invention may alternatively or additionally comprise
a reactive cysteine at the C-terminal or N-terminal of the
alpha or beta chains thereof.

Diagnostic and Therapeutic Use

In one aspect the TCR of the invention may be associated
with a therapeutic agent or detectable moiety. For example,
said therapeutic agent or detectable moiety may be covalently
linked to the TCR.

In one embodiment of the invention said therapeutic agent
or detectable moiety is covalently linked to the C-terminus of
one or both TCR chains.

In one aspect the scTCR or one or both of the dTCR chains
of TCRs of the present invention may be labelled with an
detectable moiety, for example a label that is suitable for
diagnostic purposes. Such labelled TCRs are useful in a
method for detecting a SLYNTVATL-HLA-A*0201 complex
which method comprises contacting the TCR ligand with a
TCR (or a multimeric high affinity TCR complex) which is
specific for the TCR ligand; and detecting binding to the TCR
ligand. In tetrameric TCR complexes formed for example,
using biotinylated heterodimers, fluorescent streptavidin can
be used to provide a detectable label. Such a fluorescently-
labelled TCR tetramer is suitable for use in FACS analysis, for
example to detect antigen presenting cells carrying the
SLYNTVATL-HLA-A*0201 complex for which these high
affinity TCRs are specific.

Another manner in which the soluble TCRs of the present
invention may be detected is by the use of TCR-specific
antibodies, in particular monoclonal antibodies. There are
many commercially available anti-TCR antibodies, such as
aFl and BF1, which recognise the constant domains of the o
and fp chains, respectively.

In a further aspect a TCR (or multivalent complex thereot)
of the present invention may alternatively or additionally be
associated with (e.g. covalently or otherwise linked to) a
therapeutic agent which may be, for example, a toxic moiety
for use in cell killing, or an immune effector molecule such as
an interleukin or a cytokine A multivalent TCR complex of
the invention may have enhanced binding capability for a
TCR ligand compared to a non-multimeric wild-type or T cell
receptor heterodimer of the invention. Thus, the multivalent
TCR complexes according to the invention are particularly
useful for tracking or targeting cells presenting SLYNT-
VATL-HLA-A*0201 complexes in vitro or in vivo, and are
also useful as intermediates for the production of further
multivalent TCR complexes having such uses. These TCRs or
multivalent TCR complexes may therefore be provided in a
pharmaceutically acceptable formulation for use in vivo.

The invention also provides a method for delivering a
therapeutic agent to a target cell, which method comprises
contacting potential target cells with a TCR or multivalent
TCR complex in accordance with the invention under condi-
tions to allow attachment of the TCR or multivalent TCR
complex to the target cell, said TCR or multivalent TCR
complex being specific for the SLYNTVATL-HLA-A*0201
complex and having the therapeutic agent associated there-
with.

In particular, the soluble TCR or multivalent TCR complex
of the present invention can be used to deliver therapeutic
agents to the location of cells presenting a particular antigen.
This would be useful in many situations and, in particular,
against HIV infected cells. A therapeutic agent could be
delivered such that it would exercise its effect locally but not
only on the cell it binds to. Thus, one particular strategy
envisages cytotoxic or immuno-stimulatory molecules linked
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to TCRs or multivalent TCR complexes according to the
invention specific for the SLYNTVATL-HLA-A*0201 com-
plex.

Many therapeutic agents could be employed for this use,
for instance radioactive compounds, enzymes (perforin for
example) or chemotherapeutic agents (cis-platin for
example). To ensure that toxic effects are exercised in the
desired location the toxin could be inside a liposome linked to
streptavidin so that the compound is released slowly. This will
prevent damaging effects during the transport in the body and
ensure that the toxin has maximum effect after binding of the
TCR to the relevant antigen presenting cells.

Other suitable therapeutic agents include:

small molecule cytotoxic agents, i.e. compounds with the

ability to kill mammalian cells having a molecular
weight of less than 700 daltons. Such compounds could
also contain toxic metals capable of having a cytotoxic
effect. Furthermore, it is to be understood that these
small molecule cytotoxic agents also include pro-drugs,
i.e. compounds that decay or are converted under physi-
ological conditions to release cytotoxic agents.
Examples of such agents include cis-platin, maytansine
derivatives, rachelmycin, calicheamicin, docetaxel, eto-
poside, gemcitabine, ifosfamide, irinotecan, melphalan,
mitoxantrone, sorfimer sodiumphotofrin II, temozo-
Imide, topotecan, trimeterate glucuronate, auristatin E
vincristine and doxorubicin;

peptide cytotoxins, i.e. proteins or fragments thereof with

the ability to kill mammalian cells. Including but not
limited to, ricin, diphtheria toxin, pseudomonas bacte-
rial exotoxin A, DNAase and RNAase;

radio-nuclides, i.e. unstable isotopes of elements which

decay with the concurrent emission of one or more of o
or B particles, or y rays. including but not limited to,
iodine 131, rhenium 186, indium 111, yttrium 90, bis-
muth 210 and 213, actinium 225 and astatine 213;
chelating agents may be used to facilitate the association
of these radio-nuclides to the high affinity TCRs, or
multimers thereof;

prodrugs, including but not limited to, antibody directed

enzyme pro-drugs;

immuno-stimulants, i.e. moieties which stimulate immune

response. Including but not limited to, cytokines such as
IL-2 and IFN, Superantigens and mutants thereof, TCR-
HLA fusions and chemokines such as I[.-8, platelet fac-
tor 4, melanoma growth stimulatory protein, etc, anti-
bodies or fragments thereof, complement activators,
xenogeneic protein domains, allogeneic protein
domains, viral/bacterial protein domains, viral/bacterial
peptides and anti-T cell determinant antibodies (e.g.
anti-CD3 or anti-CD28) or antibody analogues such as
Nanobodies™ and Affybodies™

Soluble TCRs or multivalent TCR complexes of the inven-
tion may be linked to an enzyme capable of converting a
prodrug to a drug. This allows the prodrug to be converted to
the drug only at the site where it is required (i.e. targeted by
the sTCR).

It is expected that the high affinity SLYNTVATL (SEQ ID
NO: 16)-HLA-A*0201 specific TCRs disclosed herein may
be used in methods for the diagnosis and treatment of AIDS.

For treatment, therapeutic agent localisation in the vicinity
of HIV infected (CD4") cells would enhance the effect of
toxins or immunostimulants. For vaccine delivery, the vac-
cine antigen could be localised in the vicinity of antigen
presenting cells, thus enhancing the efficacy of the antigen.
The method can also be applied for imaging purposes.
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One embodiment is provided by a membrane preparation
comprising a TCR of the invention. Said membrane prepara-
tion may be prepared from cells or may comprise a synthetic
membrane.

Another embodiment is provided by a cell harbouring an
expression vector comprising nucleic acid encoding a TCR of
the invention. For example, said cell may be a T cell.

Further embodiments of the invention are provided by a
pharmaceutical composition comprising:

a TCR or a multivalent TCR complex of the invention
(optionally associated with a therapeutic agent), or a
membrane preparation comprising a TCR of the inven-
tion, or a plurality of cells harbouring an expression
vector comprising nucleic acid encoding a TCR of the
invention, together with a pharmaceutically acceptable
carrier;

The invention also provides a method of treatment of AIDS
comprising administering to a subject suffering such AIDS an
effective amount of'a TCR or a multivalent TCR complex of
the invention, or a membrane preparation comprising a TCR
of the invention, or a plurality of cells harbouring an expres-
sion vector comprising nucleic acid encoding a TCR of the
invention. In a related embodiment the invention provides for
the use of a TCR or a multivalent TCR complex of the inven-
tion, or a membrane preparation comprising a TCR of the
invention, or a plurality of cells harbouring an expression
vector comprising nucleic acid encoding a TCR of'the inven-
tion, in the preparation of a composition for the treatment of
AIDS. Further specific embodiments of these uses and meth-
ods of the invention are provided wherein the TCR, or mul-
tivalent TCR complex of the invention, or a membrane prepa-
ration comprising a TCR of the invention is administered in a
form which is associated with a therapeutic agent. In other
preferred embodiments the cells harbouring an expression
vector comprising nucleic acid encoding a TCR of'the inven-
tion are CD8" T cells.

Therapeutic or imaging TCRs in accordance with the
invention will usually be supplied as part of a sterile, phar-
maceutical composition which will normally include a phar-
maceutically acceptable carrier. This pharmaceutical compo-
sition may be in any suitable form, (depending upon the
desired method of administering it to a patient). It may be
provided in unit dosage form, will generally be provided in a
sealed container and may be provided as part of a kit. Such a
kit would normally (although not necessarily) include
instructions for use. It may include a plurality of said unit
dosage forms.

Without wishing to be limited by theory, it is expected that
the TCRs of the invention will provide effective targeting
agents capable of delivering therapeutic agents such as immu-
nostimulants and/or cytotoxic agents to HIV infected (CD4%)
cells. In particular, it is expected that the administration of the
TCRs of the present invention when associated with immu-
nostimulants and/or cytotoxic agents in combination with
conventional anti-retrovirus drug therapies and/or 1L-2 treat-
ment will be able to target HIV infected cells.

The following is a list of anti-retroviral drugs currently
approved for use in the US:

Agenerase (amprenavir)—protease inhibitor

Combivir—combination of Retrovir (300 mg) and Epivir
(150 mg)

Crixivan (indinavir)}—protease inhibitor

Epivir (3tc/lamivudine)—nucleoside analog reverse tran-
scriptase inhibitor

Epzicom (a combination of 2 nucleoside reverse tran-
scriptase inhibitors (NRTTs in the same pill; 600 mg of
Ziagen (abacavir) and 300 mg of Epivir (3TC).
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Emtriva [emtricitabine (FTC)]

Fortovase (saquinavir)}—protease inhibitor

Fuzeon (enfuvirtide)—Fusion inhibitor

Hivid (ddc/zalcitabine)—nucleoside analog reverse tran-

scriptase inhibitor

Invirase (saquinavir)—protease inhibitor

Kaletra (lopinavir)—protease inhibitor

Lexiva (Fosamprenavir)—Protease Inhibitor approved

Oct. 20, 2003

Norvir (ritonavir)—protease inhibitor

Rescriptor (delavirdine)—non nucleoside analog reverse

transcriptase inhibitor

Retrovir, AZT (zidovudine)—nucleoside analog reverse

transcriptase inhibitor

Reyataz (atazanavir; BMS-232632)—protease inhibitor

Sustiva (efavirenz)—non nucleoside analog reverse tran-

scriptase inhibitor

Trizivir (3 non nucleosides in one tablet; abacavir+zidovu-

dine+lamivudine

Truvada (Emtricitabine+Tenofovir DF)

Videx (ddl/didanosine) nucleoside analog reverse tran-

scriptase inhibitor

Videx EC; (ddl/didanosine) nucleoside analog reverse

transcriptase inhibitor;

Viracept (nelfinavir)—protease inhibitor

Viramune (nevirapine)—non nucleoside analog Reverse

transcriptase inhibitor

Viread (tenofovir disoproxil fumarate) Nucleotide Reverse

transcriptase inhibitor (Adenosine Class)

Zerit (d4t/stavudine)—nucleoside analog reverse tran-

scriptase inhibitor

Ziagen (abacavir)—nucleoside analog reverse tran-

scriptase inhibitor

The pharmaceutical composition may be adapted for
administration by any appropriate route, for example
parenteral, transdermal or via inhalation, preferably a
parenteral (including subcutaneous, intramuscular, or, most
preferably intravenous) route. Such compositions may be
prepared by any method known in the art of pharmacy, for
example by mixing the active ingredient with the carrier(s) or
excipient(s) under sterile conditions.

Dosages of the substances of the present invention can vary
between wide limits, depending upon the disease or disorder
to be treated, the age and condition of the individual to be
treated, etc. and a physician will ultimately determine appro-
priate dosages to be used.

Additional Aspects

A scTCR or dTCR (which preferably is constituted by
constant and variable sequences corresponding to human
sequences) of the present invention may be provided in sub-
stantially pure form, or as a purified or isolated preparation.
For example, it may be provided in a form which is substan-
tially free of other proteins.

The sequence(s) of the nucleic acid or nucleic acids encod-
ing the TCRs of the invention may be altered so as to optimise
the level of expression obtained in the host cell. The host cell
may be any appropriate prokaryotic or eukaryotic cell. For
example, the host cell may be an E. coli cell orahuman T cell.
The alterations made to these genetic sequences are silent,
that is they do not alter the amino acid sequence encoded.
There are a number of companies which offer such expression
optimisation services, including, GeneArt, Germany.

The invention also provides a method of producing a high
affinity TCR having the property of binding to SLYNTVATL-
HLA-A*0201.CHARACTERISED IN THAT the TCR (i)
comprises at least one TCR a chain variable domain and/or at
least one TCR f chain variable domain and (ii) has a K, for
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the said SLYNTVATL-HLA-A*0201 complex of less than or
equal to 1 uM and/or an off-rate (k) for the SLYNTVATL-
HLA-A*0201 complex of 1x10~> S~* or slower, wherein the
method comprises:

(a) the production of a TCR comprising the . and § chain
variable domains ofthe parental HIV Gag TCR wherein
one or both of the o and p chain variable domains com-
prise a mutation(s) in one or more of the amino acids
identified in claims 7 and 8;

(b) contacting said mutated TCR with SLYNTVATL-
HLA-A*0201 under conditions suitable to allow the
binding of the TCR to SLYNTVATL-HLA-A*0201;

and measuring the K, and/or k, -of the interaction.

Preferred features of each aspect of the invention are as for

each of the other aspects mutatis mutandis. The prior art
documents mentioned herein are incorporated to the fullest
extent permitted by law.

The invention is further described in the following

examples, which do not limit the scope of the invention in any
way.

EXAMPLES

Example 1

Production of Soluble Disulfide-Linked TCRs
Comprising the Parental HIV Gag TCR Variable
Regions

FIGS. 4a and 45 provide the DNA sequences of soluble
disulfide-linked alpha beta chains from a parental TCR which
is specific for the SLYNTVATL-HLA-A*0201 complex.
These DNA sequences can be synthesis de-novo by a number
of contract research companies, for example GeneArt (Ger-
many). Restriction enzyme recognition sites are also added to
these DNA sequences in order to facilitate ligation of these
DNA sequences into the pGMT7-based expression plasmids,
which contain the T7 promoter for high level expression in £.
coli strain BL21-DE3(pLysS) (Pan et al., Biotechniques
(2000) 29 (6): 1234-8)

The TCR alpha chain sequences contain introduced Clal
and Sall restriction enzyme recognition sites and this
sequence was ligated into pEX954 (see FIGS. 9 and 13) cut
with Clal and Xhol.

The TCR beta chain sequences contain introduced Asel
and Agel restriction enzyme recognition sites and were
ligated into pEX821 (see FIGS. 10 and 14) cut with Ndel/
Agel.

Restriction enzyme recognition sites as introduced into
DNA encoding the TCR chains

Clal—ATCGAT

Sall—-GTCGAC

Ase]—ATTAAT

Agel—ACCGGT

Ligation

The cut TCR alpha and beta chain DNA and cut vector
were ligated using a rapid DNA ligation kit (Roche) following
the manufacturers instructions.

Ligated plasmids were transformed into competent E. coli
strain XI.1-blue cells and plated out on LB/agar plates con-
taining 100 mg/ml ampicillin. Following incubation over-
night at 37° C., single colonies were picked and grown in 10
ml LB containing 100 mg/ml ampicillin overnight at 37° C.
with shaking Cloned plasmids were purified using a Miniprep
kit (Qiagen) and the insert was sequenced using an automated
DNA sequencer (Lark Technologies).
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FIGS. 5a and 55 show respectively the soluble disulfide
linked parental HIV gag TCR o and [ chain extracellular
amino acid sequences produced from the DNA sequences of
FIGS. 4a and 45

Example 2

Production of High Affinity Variants of the Soluble
Disulfide Linked HIV Gag TCR

The soluble disulfide-linked native HIV Gag TCR pro-
duced as described in Example 1 can be used a template from
which to produce the TCRs of the invention which have an
increased affinity for the SLYNTVATL (SEQ ID NO: 16)-
HLA-A*0201 complex.

Phage display is one means by which libraries of HIV Gag
TCR variants can be generated in order to identify high affin-
ity mutants. For example, the TCR phage display and screen-
ing methods described in (Li et al., (2005) Nature Biotech 23
(3): 349-354) can be adapted and applied to HIV Gag TCRs.

The amino sequences of the mutated TCR alpha and beta
chain variable domains which, when combined with an
appropriate TCR chain, demonstrate high affinity for the
SLYNTVATL-HLA-A*0201 complex, are listed in FIGS. 6
and 7 respectively. (SEQ ID Nos: 11-13 and 14-15 respec-
tively) As is known to those skilled in the art the necessary
codon changes required to produce these mutated chains can
be introduced into the DNA encoding these chains by site-
directed mutagenesis. (QuickChange™  Site-Directed
Mutagenesis Kit from Stratagene)

Briefly, this is achieved by using primers that incorporate
the desired codon change(s) and the plasmids containing the
relevant TCR chain DNA as a template for the mutagenesis:

Mutagenesis was carried out using the following condi-
tions: 50 ng plasmid template, 1 pl of 10 mM dNTP, 5 ul of
10xPfu DNA polymerase buffer as supplied by the manufac-
turer, 25 pmol of fwd primer, 25 pmol of rev primer, 1 ul pfu
DNA polymerase in total volume 50 pl. After an initial dena-
turation step of 2 mins at 95 C, the reaction was subjected to
25 cycles of denaturation (95 C, 10 secs), annealing (55 C 10
secs), and elongation (72 C, 8 mins). The resulting product
was digested with Dpnl restriction enzyme to remove the
template plasmid and transformed into E. coli strain XL 1-
blue. Mutagenesis was verified by sequencing.

Example 3

Expression, Refolding and Purification of Soluble
TCR

The expression plasmids containing the mutated a.-chain
and p-chain respectively as prepared in Examples 1 or 2 were
transformed separately into E. coli strain BL2pLysS, and
single ampicillin-resistant colonies were grown at 37° C. in
TYP (ampicillin 100 pg/ml) medium to ODg,, of 0.4 before
inducing protein expression with 0.5 mM IPTG. Cells were
harvested three hours post-induction by centrifugation for 30
minutes at 4000 rpm in a Beckman J-6B. Cell pellets were
re-suspended in a buffer containing 50 mM Tris-HCl, 25%
(w/v) sucrose, | mM NaEDTA, 0.1% (w/v) NaAzide, 10 mM
DTT, pH 8.0. After an overnight freeze-thaw step, re-sus-
pended cells were sonicated in 1 minute bursts for a total of
around 10 minutes in a Milsonix X1.2020 sonicator using a
standard 12 mm diameter probe. Inclusion body pellets were
recovered by centrifugation for 30 minutes at 13000 rpm in a
Beckman J2-21 centrifuge. Three detergent washes were then
carried out to remove cell debris and membrane components.
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Each time the inclusion body pellet was homogenised in a
Triton buffer (50 mM Tris-HCl, 0.5% Triton-X100, 200 mM
NaCl, 10 mM NaEDTA, 0.1% (w/v) NaAzide, 2 mM DTT,
pH 8.0) before being pelleted by centrifugation for 15 min-
utes at 13000 rpm in a Beckman J2-21. Detergent and salt was
then removed by a similar wash in the following buffer: 50
mM Tris-HCl, 1 mM NaEDTA, 0.1% (w/v) NaAzide, 2 mM
DTT, pH 8.0. Finally, the inclusion bodies were divided into
30 mg aliquots and frozen at —=70° C. Inclusion body protein
yield was quantitated by solubilising with 6M guanidine-HCl
and measurement with a Bradford dye-binding assay (Per-
Bio).

Approximately 30 mg of TCR f chain and 60 mg of TCR
o chain solubilised inclusion bodies were thawed from frozen
stocks, samples were then mixed and the mixture diluted into
15 ml of a guanidine solution (6 M Guanidine-hydrochloride,
10 mM Sodium Acetate, 10 mM EDTA), to ensure complete
chain de-naturation. The guanidine solution containing fully
reduced and denatured TCR chains was then injected into 1
liter of the following refolding buffer: 100 mM Tris pH 8.5,
400 mM L-Arginine, 2 mM EDTA, 5 mM reduced Glu-
tathione, 0.5 mM oxidised Glutathione, 5M urea, 0.2 mM
PMSF. The redox couple (2-mercaptoethylamine and cysta-
mine (to final concentrations of 6.6 mM and 3.7 mM, respec-
tively) were added approximately 5 minutes before addition
of the denatured TCR chains. The solution was left for 5
hrs+15 minutes. The refolded TCR was dialysed in Spec-
trapor 1 membrane (Spectrum; Product No. 132670) against
10L 10 mM Tris pH 8.1 at 5° C.£3° C. for 18-20 hours. After
this time, the dialysis buffer was changed to fresh 10 mM Tris
pH 8.1 (10 L) and dialysis was continued at 5° C.+3° C. for
another 20-22 hours.

sTCR was separated from degradation products and impu-
rities by loading the dialysed refold onto a POROS 50HQ
anion exchange column and eluting bound protein with a
gradient of 0-500 mM NaCl over 50 column volumes using an
Akta purifier (Pharmacia). Peak fractions were stored at 4° C.
and analysed by Coomassie-stained SDS-PAGE before being
pooled and concentrated. Finally, the sTCR was purified and
characterised using a Superdex 200HR gel filtration column
pre-equilibrated in HBS-EP buffer (10 mM HEPES pH 7.4,
150mM NaCl, 3.5 mM EDTA, 0.05% nonidet p40). The peak
eluting at a relative molecular weight of approximately 50
kDa was pooled and concentrated prior to characterisation by
BlAcore surface plasmon resonance analysis.

Example 4

Biacore Surface Plasmon Resonance
Characterisation of sTCR Binding to Specific pMHC

A surface plasmon resonance biosensor (Biacore 3000™)
was used to analyse the binding of a sTCR to its peptide-MHC
ligand. This was facilitated by producing single pMHC com-
plexes (described below) which were immobilised to a
streptavidin-coated binding surface in a semi-oriented fash-
ion, allowing efficient testing of the binding of a soluble T-cell
receptor to up to four different pMHC (immobilised on sepa-
rate flow cells) simultaneously. Manual injection of HLA
complex allows the precise level of immobilised class I mol-
ecules to be manipulated easily.

Biotinylated class 1 HLA-A*0201 molecules were
refolded in vitro from bacterially-expressed inclusion bodies
containing the constituent subunit proteins and synthetic pep-
tide, followed by purification and in vitro enzymatic biotiny-
lation (O’Callaghan et al. (1999) Anral. Biochem. 266: 9-15).
HLA-A*0201-heavy chain was expressed with a C-terminal
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biotinylation tag which replaces the transmembrane and cyto-
plasmic domains of the protein in an appropriate construct.
Inclusion body expression levels of ~75 mg/liter bacterial
culture were obtained. The MHC light-chain or $2-microglo-
bulin was also expressed as inclusion bodies in £. cofi from an
appropriate construct, at a level of ~500 mg/liter bacterial
culture.

E. coli cells were lysed and inclusion bodies are purified to
approximately 80% purity. Protein from inclusion bodies was
denatured in 6 M guanidine-HCl, 50 mM Tris pH 8.1, 100
mM NaCl, 10 mM DTT, 10 mM EDTA, and was refolded at
a concentration of 30 mg/liter heavy chain, 30 mg/liter f2m
into 0.4 M L-Arginine-HCI, 100 mM Tris pH 8.1, 3.7 mM
cystamine, 6.6 mM f-cysteamine, 4 mg/ml of the SLYNT-
VATL peptide required to be loaded by the HLA-A*0201
molecule, by addition of a single pulse of denatured protein
into refold buffer at <5° C. Refolding was allowed to reach
completion at 4° C. for at least 1 hour.

Buffer was exchanged by dialysis in 10 volumes of 10 mM
Tris pH 8.1. Two changes of buffer were necessary to reduce
the ionic strength of the solution sufficiently. The protein
solution was then filtered through a 1.5 um cellulose acetate
filter and loaded onto a POROS 50HQ anion exchange col-
umn (8 ml bed volume). Protein was eluted with a linear
0-500 mM NaCl gradient. HLA-A*0201-peptide complex
eluted at approximately 250 mM NaCl, and peak fractions
were collected, a cocktail of protease inhibitors (Calbiochem)
was added and the fractions were chilled on ice.

Biotinylation tagged pMHC molecules were buffer
exchanged into 10 mM Tris pH 8.1, 5 mM NaCl using a
Pharmacia fast desalting column equilibrated in the same
buffer. Immediately upon elution, the protein-containing
fractions were chilled on ice and protease inhibitor cocktail
(Calbiochem) was added. Biotinylation reagents were then
added: 1 mM biotin, 5 mM ATP (buffered to pH 8), 7.5 mM
MgCl12, and 5 pg/ml BirA enzyme (purified according to
O’Callaghan et al. (1999) Anal. Biochem. 266: 9-15). The
mixture was then allowed to incubate at room temperature
overnight.

The biotinylated pHLA-A*0201 molecules were purified
using gel filtration chromatography. A Pharmacia Superdex
75 HR 10/30 column was pre-equilibrated with filtered PBS
and 1 ml of'the biotinylation reaction mixture was loaded and
the column was developed with PBS at 0.5 ml/min. Biotiny-
lated pHLA-A*0201 molecules eluted as a single peak at
approximately 15 ml. Fractions containing protein were
pooled, chilled on ice, and protease inhibitor cocktail was
added. Protein concentration was determined using a Coo-
massie-binding assay (PerBio) and aliquots of biotinylated
pHLA-A*0201 molecules were stored frozen at -20° C.
Streptavidin was immobilised by standard amine coupling
methods.

Such immobilised complexes are capable of binding both
T-cell receptors and the coreceptor CD8aar, both of which
may be injected in the soluble phase. Specific binding of TCR
is obtained even at low concentrations (at least 40 pg/ml),
implying the TCR is relatively stable. The pMHC binding
properties of sSTCR are observed to be qualitatively and quan-
titatively similar if sTCR is used either in the soluble or
immobilised phase. This is an important control for partial
activity of soluble species and also suggests that biotinylated
pMHC complexes are biologically as active as non-biotiny-
lated complexes.

The interactions between HIV Gag sTCR containing a
novel inter-chain bond and its ligand/MHC complex or an
irrelevant HLA-peptide combination, the production of
which is described above, were analysed on a Biacore 3000™
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surface plasmon resonance (SPR) biosensor. SPR measures
changes in refractive index expressed in response units (RU)
near a sensor surface within a small flow cell, a principle that
can be used to detect receptor ligand interactions and to
analyse their affinity and kinetic parameters. The probe flow
cells were prepared by immobilising the individual HLA-
peptide complexes in separate flow cells via binding between
the biotin cross linked onto $2m and streptavidin which have
been chemically cross linked to the activated surface of the
flow cells. The assay was then performed by passing sTCR
over the surfaces of the different flow cells at a constant flow
rate, measuring the SPR response in doing so.

To Measure Equilibrium Binding Constant

Serial dilutions of the parental or mutated HIV Gag sTCR
were prepared and injected at constant flow rate of 5 ul min-1
over two different flow cells; one coated with ~1000 RU of
specific SLYNTVATL-HLA-A*0201 complex, the second
coated with ~1000 RU of non-specific HLA-A2-peptide com-
plex. Response was normalised for each concentration using
the measurement from the control cell. Normalised data
response was plotted versus concentration of TCR sample
and fitted to a hyperbola in order to calculate the equilibrium
binding constant, K. (Price & Dwek, Principles and Prob-
lems in Physical Chemistry for Biochemists (24 Edition)
1979, Clarendon Press, Oxford).

To Measure Kinetic Parameters

For high affinity TCRs K, was determined by experimen-
tally measuring the dissociation rate constant, kd, and the
association rate constant, ka. The equilibrium constant K,
was calculated as kd/ka.

TCR was injected over two different cells one coated with
~300 RU of specific HLA-A2-nyeso peptide complex, the
second coated with ~300 RU of non-specific HLA-A2-pep-
tide complex. Flow rate was set at 50 pl/min. Typically 250
LA of TCR at ~3 uM concentration was injected. Buffer was
then flowed over until the response had returned to baseline.
Kinetic parameters were calculated using Biaevaluation soft-
ware. The dissociation phase was also fitted to a single expo-
nential decay equation enabling calculation of half-life.

Results

The interaction between a soluble disulfide-linked native
HIV Gag TCR (consisting of the o and  TCR chains detailed
in SEQ ID NOs 9 and 10 respectively) and the SLYNTVATL.-
HLA-A*0201 complex was analysed using the above meth-
ods and demonstrated a K, of 85 nM and an off-rate (k) of
2.21x1072 8%, (See FIG. 12 for Biacore response curves)

The TCRs specified in the following table have a K, of less
than or equal to 1 uM and/or a k,;of 1x107* S or slower.

Beta chain variable
domain sequence,

Alpha chain variable
domain sequence,

SEQ ID NO: SEQ ID NO:
1 2
1 14
1 15

11 2
12 2
13 2
12 15
13 15
12 14
13 14
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Example 5

Production of a Soluble High Affinity HIV Gag
TCR-WT Human IL-2 Fusion Protein

The methods substantially as described in Examples 1 to 3
can be used to produce a soluble high affinity HIV Gag
TCR-WT human IL-2 fusion protein. Briefly, the DNA
encoding the desired linker and WT human IL.-2 are added
into the 3' end of the DNA sequence of the soluble disulfide-
linked parental HIV Gag TCR beta chain immediately priorto
the TAA (“Stop”) codon. FIG. 11 provides the amino acid
sequence of a fusion protein comprising a disulfide-linked
parental HIV Gag TCR beta chain fused to WT human IL-2
via linker sequence. (SEQ ID NO: 24) The linker and 1L-2
portion of this fusion protein are indicated in italics. The DNA
encoding this construct can then be ligated into pEX821. The
soluble parental HIV Gag TCR-IL-2 fusion protein can then
be expressed by combining this beta chain fusion protein with
the soluble disulfide-linked parental HIV Gag alpha chain
TCR chain detailed in FIG. 5a (SEQ ID NO: 9) using the
methods substantially as described in Example 3.

Example 6

Recombinant Expression of the Parental HIV Gag
TCR on the Surface of T Cells

DNA constructs encoding the signal sequence, extracellu-
lar, transmembrane and intracellular domains of the parental
HIV Gag TCR chains were synthesised (GeneArt, Germany).
These TCR «a chain and TCR [ chain DNA sequences, pro-
vided in FIGS. 154 and 155 respectively, are altered from the
parental HIV Gag TCR DNA sequences so as to enhance
expression levels of the encoded TCR chains in human T cells
whilst maintaining the native amino acid sequence. FIGS.
16a and 165 provide the full-length amino acid sequences
encoded by the DNA sequences of FIGS. 154 and 155 respec-
tively.

TCR a chain and TCR 3 chain DNA sequences were then
inserted together into a Lentiviral expression vector. This
vector contains DNA encoding both the parental HIV Gag
TCR o chain and f§ chain as a single open reading frame with
the in-frame Foot and Mouth Disease Virus (FMDV) 2A
cleavage factor amino acid sequence (LLNFDLLKLAGD-
VESNPG (SEQ ID NO: 31)) separating the TCR chains. (de
Felipeetal., Genet Vaccines Ther (2004)2 (1): 13) On mRNA
translation the TCR a chain is produced with the 2A peptide
sequence at its C-terminus and the TCR { chain is produced
as a separate polypeptide.

T cells were transduced with the above Lentiviral vector.
Briefly, primary T cells were stimulated for 24 hours using
anti-CD3/anti-CD28 beads. A concentrated Lentivirus super-
natant, expressing the TCR genes, was then incubated with
the stimulated T cells to allow viral transduction. The anti-
CD3/anti-CD28 beads were then removed and the transduced
T cells were cultured until they attained a “resting volume” of
200-300 L.

Presentation of parental HIV Gag TCRs on the surface of
the transduced cells was confirmed by FACS analysis using
HLA-A*0201-SLYNTVALT PE tetramer and anti-CD8
monoclonal antibody FITC co-staining.

Results

FIG. 175 provides the FACS analysis data which demon-
strates the successful expression of the parental HIV Gag
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TCR on the surface of transduced CD8* T cells. FIG. 17a
provides FACS analysis data generated using control untrans-
duced T cells.

Example 7

Inhibition of CTL Activation by Soluble High
Affinity HIV Gag TCRs

The following assays were carried out to demonstrate that
the soluble high affinity c11c¢6 HIV Gag TCR was capable of
inhibiting activation of a SLYNTVATL-HLA-A*0201 reac-
tive polyclonal T cell line.

Inhibition of Activation of the OX84 SLYNTVATL-HLA-
A*0201 Reactive Polyclonal T Cell Line in the of Presence of
HIV Infected Cells

The soluble c11c6 high affinity HIV Gag TCR utilised in
this experiment contained the TCR alpha chain variable
domain and TCR beta chain variable regions shown in FI1G. 6¢
(SEQID NO: 13) and FIG. 76 (SEQ ID NO: 15) respectively.
The full amino acid sequences of the TCR alpha and beta
chains of this soluble TCR are provided by FIG. 18a (SEQ ID
NO: 29) and FIG. 1856 (SEQ ID NO: 30) respectively.

IFN-y and TNF-a production was used as the read-outs for
CTL activation.

Reagents

R10 Assay media: 10% FCS (heat-inactivated, Gibco,
cat#10108-165), 88% RPMI 1640 (Gibco, cat#42401-018),
1% glutamine (Gibco, cat#25030-024) and 1% penicillin/
streptomycin (Gibco, cat#15070-063).

Peptide: (obtained from various sources) initially dis-
solved in DMSO (Sigma, cat# D2650) at 4 mg/ml and frozen.

The BD™ Cytometric Bead Array Kit, Human Th1/Th2
cytokine Kit IT (BD Biosciences, San Diego, US) contains all
the reagents required for the assay.

T Cell Activation Assay

Chronically HIV infected To target cells (HXB2 and
HIV3B HIV Lab strains) were washed and re-suspended in
R10 media. As a control uninfected To target cells were
pulsed with 1 nM of SLYNTVATL peptide, for 30 minutes at
37°C., 5% CO,.

Test Samples:

25,000 HIV infected To target cells in R10 media per well
of'a 96 well U-bottom plate.

2x1077 M high affinity c¢11c6 HIV Gag TCR or parental
HIV Gag TCR in R10 media per well.

5000 0X84 polyclonal effector T cell line in R10 media per
well.

Controls:

As above substituting irrelevant soluble TCRs (HLA-
A*0201-Tax specific and HLA-A*0201-NY-ESO specific
TCRs) or the high affinity HIV Gag TCRs.

The plate was then incubated for 4 hours at37° C., 5% CO,.
The culture supernatant was removed to measure the levels of
IFN-y and TNF-a present using the following method.

IFN-y and TNF-a Assay

BD™ Cytometric Beads coated with (a) anti-IFNy capture
antibodies and (b) anti-TNFa capture antibodies were pre-
pared according to the manufacturers instructions

A number of assay tubes were then prepared containing the
following additions:

50 pl of mixed anti-IFNy and anti-TNFa BD™ Cytometric

Beads in BD Assay Diluent

50 ul of PE Dectection Reagent

Followed by either:

50 ul of the culture supernatant taken from the T cell

activation assay wells. (Test Samples)
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Or

50 pl of mixed IFNy and TNFa standards prepared at a
range of concentrations by serial dilution of stock stan-
dards. (Calibration Standards)

The tube were then incubated in the dark for 3 hours prior
to being washed with 1 ml of BD Wash Buffer and centri-
fuged. Finally, the beads were re-suspended in 300 ul of the
Wash Buffer and the level of IFNy and TNFa present was
determined by Flow Cytometry according to manufacturer’s
instructions.

Inhibition of the SLYNTVATL-HLA-A*0201 Specific
0OX84 Polyclonal T Line in the Presence of Uninfected
SLYNTVATL Peptide Pulsed To Cells

The same regents and methods as used for the above CTL
activation assay were used except that:

2000 OX84 polyclonal effector T cells were used ineach T
cell activation assay.

Uninfected To lymphoblastoid cells, pulsed with 1071°-
1078 M SLYNTVATL peptide were used as the target cells

Results

The soluble high affinity c11c¢6 HIV Gag TCR strongly
inhibited activation of the SLYNTVATL-HLA-A*0201 reac-
tive OX84 polyclonal T cell line in the presence of To cells
infected by HIV as measured by IFN-y and TNF-a produc-
tion. (See FIG. 19)

The soluble high affinity c11c¢6 HIV Gag TCR strongly
inhibited activation of the SLYNTVATL-HLA-A*0201 reac-
tive OX84 polyclonal T cell line in the presence of SLYNT-
VATL-pulsed uninfected To cells as measured by IFN-y and
TNF-a production. (See FIG. 20)

Example 8

Quantification of Cell Surface
SLYNTVATL-HLA-A*0201 Antigens on Peptide
Pulsed T2 Cells by Fluorescence Microscopy Using
High Affinity c11¢6 HIV Gag TCR

The number of SLYNTVATL-HLA-A*0201 antigens on
peptide-pulsed T2 lymphoblastoid cell was determined (on
the assumption that one fluorescence signal relates to a single
labelled TCR bound to its cognate pMHC ligand on the sur-
face of the target cell) by single molecule fluorescence
microscopy using a soluble high-affinity c11c6 HIV Gag
TCR. This was facilitated by using biotinylated TCR to target
the antigen-expressing cancer cells and subsequent labelling
of cell-bound TCR by streptavidin-R phycoerythrin (PE) con-
jugates. Individual PE molecules were then imaged by 3-di-
mensional fluorescence microscopy.

T2 lymphoblastoid cells were pulsed with the HIV Gag-
derived SLYNTVATL peptide, or an irrelevant peptide (SLL-
MWITQC) at a range of concentrations (107°-107'°M) for
90 minutes at 37° C. After pulsing the cells were washed
twice with 500 pl of PBS. Cells were incubated in 200 pl of
TCR solution (100 nM high-affinity ¢11c6 HIV Gag TCR), in
PBS. 0.5% BSA albumin) for 30 min at room temperature.
TCR solution was removed, and cells were washed three
times with 500 pl of PBS. Cells were incubated in 200 pl of
streptavidin-PE solution (5 g ml™* streptavidin-PE in PBS
containing 0.5% BSA) at room temperature in the dark for 20
min. Streptavidin-PE solution was removed and cells were
washed three times with 500 pl of PBS. Wash media was
removed, and cells kept in 400 ul of R10, without Phenol Red
before imaging by fluorescence microscopy.

Fluorescence Microscopy

Fluorescent microscopy was carried out using an Axiovert
200M (Zeiss) microscope with a 63x Oil objective (Zeiss). A
Lambda LS light source containing a 300 W Xenon Arc lamp
(Sutter) was used for illumination, and light intensity was
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reduced to optimal levels by placing a 0.3 and a 0.6 neutral
density filter into the light path. Excitation and emission
spectra were separated using a TRITC/Dil filter set (Chroma).
Cells were imaged in three dimensions by z-stack acquisition
(21 planes, 1 um apart). Image acquisition and analysis was
performed using Metamorph software (Universal Imaging)
as described (Irvine et al., Nature 419: p845-9, and Purbhoo
et al., Nature Immunology 5: p524-30).

24

Results

As shown by FIG. 21 the above method was used success-
fully to image high affinity c11¢6 HIV Gag TCR bound to
SLYNTVATL-HLA-A*0201 antigens on the surface of pep-
tide-pulsed T2 cells. These results show the threshold for
counting epitopes on SLYNTVATL peptide-pulsed cells
using the high affinity c6¢11 HIV Gag TCR is approximately
10~° M peptide.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 31
<210>

<211>

SEQ ID NO 1
LENGTH: 114

<212>
<213>

<400>

Met

1

Glu

Gln

Ile

Ala

65

Ser

Ser

Pro

<210>
<211>
<212>
<213>

<400>

Ala

Gly

Ser

Met

50

Gln

Lys

Gly

His

Gln

Ala

Phe

35

Phe

Leu

Leu

Tyr

TYPE: PRT
ORGANISM:

SEQUENCE:

Lys

Ile

20

Phe

Ile

Asn

Ser

Ala
100

SEQUENCE:

Met Glu Ala Gly

1

Gly

Val

Gln

Phe

65

Ala

Thr

Thr

Gln

Ser

Tyr

50

Ser

Leu

Val

Gln

Trp

35

Tyr

Gly

Leu

Ser

Val

Tyr

Glu

His

Leu

Tyr
100

Homo sapiens

1

Glu

Ala

Trp

Tyr

Lys

Asp

85

Leu

SEQ ID NO 2
LENGTH:
TYPE: PRT
ORGANISM: Homo sapiens

113

2

Val

5

Thr

Gln

Glu

Gln

Gly

Glu

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE: DNA

624

Val

Ser

Tyr

Ser

Ala

Ser

Asn

Thr

Leu

Gln

Glu

Phe

70

Asp

Gln

Glu

Leu

Arg

Asn

55

Ser

Ala

Phe

Gln

Arg

Ala

Glu

55

Pro

Ser

Tyr

Gln

Asn

Gln

40

Gly

Gln

Thr

Gly

Ser

Cys

Leu

40

Arg

Asn

Ala

Phe

Asn

Cys

25

Tyr

Asp

Tyr

Tyr

Lys
105

Pro

Ser

Gly

Gln

Tyr

Leu

Gly
105

Ser

Thr

Ser

Lys

Ile

Leu

90

Gly

Thr

10

Pro

Gln

Arg

Ser

Tyr

90

Pro

Gly

Tyr

Gly

Glu

Ser

75

Cys

Thr

His

Lys

Gly

Gly

Ser

75

Leu

Gly

Pro

Ser

Lys

Asp

60

Leu

Ala

Ser

Leu

Ser

Pro

Asn

60

Glu

Cys

Thr

Leu

Asp

Ser

45

Gly

Leu

Val

Leu

Ile

Gly

Gln

45

Phe

Leu

Ala

Arg

Ser

Arg

30

Pro

Arg

Ile

Arg

Leu
110

Lys

His

Phe

Pro

Asn

Ser

Leu
110

Val

15

Gly

Glu

Phe

Arg

Thr

95

Val

Thr

15

Asp

Ile

Asp

Val

Ser

Thr

Pro

Ser

Leu

Thr

Asp

Asn

Thr

Arg

Thr

Phe

Arg

Asn

80

Asp

Val



US 9,255,135 B2
25

-continued

26

<213>
<220>
<223>

<400>

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: DNA encoding a truncated portion of the
parental GAG TCR alpha chain

SEQUENCE: 3

atggcccaga aggaggtgga gcagaattct ggaccccteca gtgttecaga gggagecatt

gectetetca attgcactta cagtgaccga ggttcccagt ccttettetg gtacagacaa

tattctggga aaagccctga gttgataatg ttcatatact ccaatggtga caaagaagat

ggaaggttta cagcacagct caataaagcc agccagtata tttccctget catcagagac

tccaagctca gtgattcage cacctaccte tgtgeggtge gecacaaatte cgggtatgca

ctcaacttcg gcaaaggcac ctegetgttg gtcacaccece atatccagaa ccctgaccct

gecgtgtace agctgagaga ctctaaatcc agtgacaagt ctgtetgect attcaccgat

tttgattcte aaacaaatgt gtcacaaagt aaggattctg atgtgtatat cacagacaaa

actgtgctag acatgaggte tatggactte aagagcaaca gtgetgtgge ctggagcaac

aaatctgact ttgcatgtge aaacgcctte aacaacagea ttattccaga agacacctte

ttcceccagee cagaaagtte ctaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 732

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: dna encoding a truncated portion of the
parental gag tcr beta chain

SEQUENCE: 4

atggaggctyg gagtcacaca aagtcccaca cacctgatca aaacgagagg acagcaagtg

actctgagat gctctectaa gtetgggeat gacactgtgt cetggtacca acaggccctg

ggtcagggge cccagtttat ctttcagtat tatgaggagg aagagagaca gagaggcaac

ttcectgate gattetcagg tcaccagtte cctaactata getctgaget gaatgtgaac

gecttgttge tgggggacte ggcectctat ctetgtgeca gecagegacac cgtctectac

gagcagtact tcgggceggg caccaggcte acggtcacag aggacctgaa aaacgtgtte

ccaccegagyg tegetgtgtt tgagecatca gaagcagaga tcteccacac ccaaaaggec

acactggtgt gectggecac aggcttctac cccgaccacg tggagetgag ctggtgggtg

aatgggaagg aggtgcacag tggggtcage acagacccgce agcccctcaa ggagcagecce

gecctcaatyg actccagata cgctctgage agecgectga gggtetegge caccttetgg

caggaccccce gcaaccactt cegetgtcaa gtecagttet acgggetcete ggagaatgac

gagtggacce aggatagggc caaacccgte acccagateg tcagegecga ggectggggt

agagcagact aa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 207

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: a truncated portion of the parental gag tcr

alpha chain

SEQUENCE: 5

Met Ala Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro

1

5 10 15

60

120

180

240

300

360

420

480

540

600

624

60

120

180

240

300

360

420

480

540

600

660

720

732
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-continued

Glu Gly Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser
20 25 30

Gln Ser Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu
35 40 45

Ile Met Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr
50 55 60

Ala Gln Leu Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp
65 70 75 80

Ser Lys Leu Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Thr Asn

Ser Gly Tyr Ala Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr
100 105 110

Pro His Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser
115 120 125

Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln
130 135 140

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys
145 150 155 160

Thr Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val
165 170 175

Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn
180 185 190

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser
195 200 205

<210> SEQ ID NO 6

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: a truncated portion of the parental gag tcr
beta chain

<400> SEQUENCE: 6

Met Glu Ala Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg
1 5 10 15

Gly Gln Gln Val Thr Leu Arg Cys Ser Pro Lys Ser Gly His Asp Thr
20 25 30

Val Ser Trp Tyr Gln Gln Ala Leu Gly Gln Gly Pro Gln Phe Ile Phe
35 40 45

Gln Tyr Tyr Glu Glu Glu Glu Arg Gln Arg Gly Asn Phe Pro Asp Arg
50 55 60

Phe Ser Gly His Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn Val Asn
65 70 75 80

Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala Ser Ser Asp
85 90 95

Thr Val Ser Tyr Glu Gln Tyr Phe Gly Pro Gly Thr Arg Leu Thr Val
100 105 110

Thr Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
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-continued
165 170 175
Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ala Leu Ser Ser Arg
180 185 190
Leu Arg Val Ser Ala Thr Phe Trp Gln Asp Pro Arg Asn His Phe Arg
195 200 205
Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220
Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240
Arg Ala Asp
<210> SEQ ID NO 7
<211> LENGTH: 630
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: DNA encoding a truncated portion of the
parental gag tcr alpha chain including an introduced Cys codon and
restriction enzyme recognition sequences
<400> SEQUENCE: 7

ccatcgatgg cccagaagga ggtggageag

gecattgect

agacaatatt

gaagatggaa

agagactcca

tatgcactca

gaccctgecyg

accgattttg

gacaaatgtyg

agcaacaaat

accttcttec

<210>
<211>
<212>
<213>
<220>
<223>

ctctcaattyg cacttacagt

ctgggaaaayg ccctgagttg

ggtttacagce acagctcaat

agctcagtga ttcagccace

acttcggcaa aggcaccteg

tgtaccagct gagagactct

attctcaaac aaatgtgtca

tgctagacat gaggtctatg

ctgactttge atgtgcaaac

ccagcccaga aagttcectaa

SEQ ID NO 8
LENGTH:
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: DNA encoding a truncated portion of the

742

aattctggac ccctcagtgt

gaccgaggtt cccagtectt

ataatgttca tatactccaa

aaagccagec agtatattte

tacctetgtyg cggtgegeac

ctgttggtca caccccatat

aagtcgagtyg acaagtctgt

caaagtaagyg attctgatgt

gacttcaaga gcaacagtgce

gecttcaaca acagcattat

tccagaggga
cttetggtac
tggtgacaaa
cctgeteate
aaattccggy
ccagaaccect
ctgectatte
gtatatcaca
tgtggcctgg

tccagaagac

60

120

180

240

300

360

420

480

540

600

630

parental gag tcr beta chain including an introduced Cys codon and
restriction enzyme recognition sequences

<400> SEQUENCE:

8

tctetcatta atggaggetyg gagtcacaca

acagcaagtg

acaggccectyg

gagaggcaac

gaatgtgaac

cgtetectac

aaacgtgtte

ccaaaaggcec

ctggtgggtyg

actctgagat gctctectaa

ggtcagggge cccagtttat

ttcectgate gattctcagyg

gecttgttge tgggggacte

gagcagtact tcgggccggyg

ccaccegagyg tegetgtgtt

acactggtgt gcctggecac

aatgggaagyg aggtgcacag

aagtcccaca cacctgatca

gtctgggeat gacactgtgt

ctttcagtat tatgaggagg

tcaccagtte cctaactata

ggcectcetat ctetgtgeca

caccaggcte acggtcacag

tgagccatca gaagcagaga

cggtttctac cccgaccacy

tggggtctge acagacccge

aaacgagagg

cctggtacca

aagagagaca

getetgaget

gcagcgacac

aggacctgaa

tctcccacac

tggagctgag

agcccctcaa

60

120

180

240

300

360

420

480

540
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-continued

32

ggagcagcce

caccttetygg

ggagaatgac

ggcetggggt
<210> SEQ I

<211> LENGT.
<212> TYPE:

gecctcaaty
caggaccccc
gagtggacce
agagcagact
D NO 9

H: 207
PRT

actccagata cgctctgage agecgectga gggtetegge

gcaaccactt ccgctgtcaa gtccagttet acgggetcte

aggatagggce caaacccgte acccagatcg tcagegecga

aa

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: A truncated portion of the parental gag tcr
alpha chain including an introduced Cys residue

<400> SEQUE:

Met Ala Gln
1

Glu Gly Ala
Gln Ser Phe
35

Ile Met Phe
50

Ala Gln Leu
65

Ser Lys Leu

Ser Gly Tyr

Pro His Ile

115

Lys Ser Ser
130

Thr Asn Val
145

Cys Val Leu

Ala Trp Ser

Ser Ile Ile
195

<210> SEQ I
<211> LENGT.
<212> TYPE:

NCE: 9

Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro

5

10 15

Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser

25 30

Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu

40 45

Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr

55 60

Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp

70

75 80

Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Thr Asn

90 95

Ala Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr

100

105 110

Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser

120 125

Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln

135 140

Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys
150 155 160

Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val

165

170 175

Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn

180

185 190

Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser

D NO 10
H: 243
PRT

200 205

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: A truncated portion of the parental gag tcr
beta chain including an introduced Cys

<400> SEQUENCE: 10

Met Glu Ala Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg

1

5

10 15

Gly Gln Gln Val Thr Leu Arg Cys Ser Pro Lys Ser Gly His Asp Thr

20

25 30

Val Ser Trp Tyr Gln Gln Ala Leu Gly Gln Gly Pro Gln Phe Ile Phe

35

40 45

600

660

720

742
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Gln Tyr Tyr Glu Glu Glu Glu Arg Gln Arg Gly Asn Phe Pro Asp Arg
50 55 60

Phe Ser Gly His Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn Val Asn
65 70 75 80

Ala Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala Ser Ser Asp
85 90 95

Thr Val Ser Tyr Glu Gln Tyr Phe Gly Pro Gly Thr Arg Leu Thr Val
100 105 110

Thr Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ala Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asp Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp

<210> SEQ ID NO 11

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity mutated GAG TCR alpha chain
variable region sequence

<400> SEQUENCE: 11

Met Ala Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro
1 5 10 15

Glu Gly Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser
20 25 30

Gln Ser Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu
35 40 45

Ile Met Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr
50 55 60

Ala Gln Leu Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp
65 70 75 80

Ser Lys Leu Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Ser Ala
85 90 95

His Gly Tyr Ser Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr
100 105 110

Pro His

<210> SEQ ID NO 12

<211> LENGTH: 114

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity mutated GAG TCR alpha chain
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-continued
variable region sequence
<400> SEQUENCE: 12
Met Ala Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro
1 5 10 15
Glu Gly Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser
20 25 30
Gln Ser Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu
35 40 45
Ile Met Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr
50 55 60
Ala Gln Leu Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp
65 70 75 80
Ser Lys Leu Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Ser Ala
85 90 95
His Gly Tyr Ala Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr
100 105 110
Pro His
<210> SEQ ID NO 13
<211> LENGTH: 114
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: High affinity mutated GAG TCR alpha chain
variable region sequence
<400> SEQUENCE: 13
Met Ala Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro
1 5 10 15
Glu Gly Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser
20 25 30
Gln Ser Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu
35 40 45
Ile Met Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr
50 55 60
Ala Gln Leu Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp
65 70 75 80
Ser Lys Leu Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Gly Ala
85 90 95
His Asp Tyr Ala Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr
100 105 110
Pro His
<210> SEQ ID NO 14
<211> LENGTH: 113
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: High affinity mutated GAG TCR beta chain
variable region sequence
<400> SEQUENCE: 14
Met Glu Ala Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg
1 5 10 15
Gly Gln Gln Val Thr Leu Arg Cys Ser Pro Lys Ser Gly His Asp Thr
20 25 30
Val Ser Trp Tyr Gln Gln Ala Leu Gly Gln Gly Pro Gln Phe Ile Phe
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-continued

38

Gln

Phe

65

Ala

Thr

Thr

35 40 45

Tyr Val Arg Gly Val Glu Arg Gln Arg Gly Asn Phe Pro Asp
50 55 60

Ser Gly His Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn Val
70 75

Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala Ser Ser
85 90 95

Val Ser Tyr Glu Gln Tyr Phe Gly Pro Gly Thr Arg Leu Thr
100 105 110

<210> SEQ ID NO 15

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: High affinity mutated GAG TCR beta

variable region sequence

<400> SEQUENCE: 15

Met
1

Gln

Phe

65

Ala

Thr

Thr

Glu Ala Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr
5 10 15

Gln Gln Val Thr Leu Arg Cys Ser Pro Lys Ser Gly His Asp
20 25 30

Ser Trp Tyr Gln Gln Ala Leu Gly Gln Gly Pro Gln Phe Ile
35 40 45

Tyr Ala Leu Gly Glu Glu Arg Gln Arg Gly Asn Phe Pro Asp
50 55 60

Ser Gly His Gln Phe Pro Asn Tyr Ser Ser Glu Leu Asn Val
70 75

Leu Leu Leu Gly Asp Ser Ala Leu Tyr Leu Cys Ala Ser Ser
85 90 95

Val Ser Tyr Glu Gln Tyr Phe Gly Pro Gly Thr Arg Leu Thr
100 105 110

<210> SEQ ID NO 16

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Human immunodeficiency virus

<400> SEQUENCE: 16

Ser
1

Leu Tyr Asn Thr Val Ala Thr Leu
5

<210> SEQ ID NO 17

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Short scTCR linker

<400> SEQUENCE: 17

Arg
Asn
80

Asp

Val

chain

Arg

Thr

Phe

Arg

Asn

80

Asp

Val

Pro Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly

1

Gly

5 10 15

Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Pro
20 25 30

<210> SEQ ID NO 18
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-continued
<211> LENGTH: 35
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Long scTCR linker

<400> SEQUENCE: 18

Pro Gly Gly Gly Ser Gly Gly Gly Gly
1 5

Ser Gly Gly Gly Gly Ser Gly
10 15

Gly Gly Gly Ser Gly Gly Gly Gly Ser
20 25

Gly Gly Gly Gly Ser Gly Gly
30

Gly Gly Pro
35

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 19

LENGTH: 46

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Truncated portion of the amino
encoded by TRAC

acid sequence

<400> SEQUENCE: 19

Ile Gln Asn Pro Asp Pro Ala Val Tyr
1 5

Ser Asp Lys Ser Val Cys Leu Phe Thr
20 25

Val Ser Gln Ser Lys Asp Ser Asp Val
35 40

<210>
<211>
<212>
<213>

SEQ ID NO 20

LENGTH: 56

TYPE: PRT

ORGANISM: Artificial Sequence

Gln Leu Arg Asp Ser
10

Asp Phe Asp Ser Gln
30

Tyr Ile Thr Asp Lys
45

<220>
<223>
<400>

Ag

Gl

Ala

Gly
50

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Thr

Lys

FEATURE:

OTHER INFORMATION: Truncated portion of the amino

encoded by TRBC1

SEQUENCE: 20

Leu Asn Lys Val Phe Pro

5

P

Ala Glu
20

u Ile Ser His Thr

Phe Pro His

40

Gly Phe
35

Asp

Glu Val His Ser Gly Val

SEQ ID NO 21
LENGTH: 56
TYPE: PRT

Pro Glu Val Ala Val Phe
10

Gln Lys Ala Thr Leu Val
25 30

Val Glu Leu Ser Trp Trp
45

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Truncated portion of the amino

encoded by TRBC2

SEQUENCE: 21

Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe

1

5

10

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val

20

25 30

Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp

35 40

45

Lys Ser
15

Thr Asn

acid sequence

Glu Pro
15

Cys Leu

Val Asn

acid sequence

Glu Pro
15

Cys Leu

Val Asn
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-continued

Gly Lys Glu Val His Ser Gly Val

50 55
<210> SEQ ID NO 22
<211> LENGTH: 3342
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pEX954 vector
<400> SEQUENCE: 22
gatctcgate ccgegaaatt aatacgactc actataggga gaccacaacg gtttccctet 60
agaaataatt ttgtttaact ttaagaagga gatataatcg atgtctaact cgagtgacaa 120
gtetgtetge ctattcaccg attttgattc tcaaacaaat gtgtcacaaa gtaaggattce 180
tgatgtgtat atcacagaca aatgtgtgct agacatgagg tctatggact tcaagagcaa 240
cagtgetgtg gcctggagca acaaatctga ctttgcatgt gcaaacgcect tcaacaacag 300
cattattcca gaagacacct tcttcececcag ceccagaaagt tcectaagett gaattccgat 360
cecggetgeta acaaagcccg aaaggaagcet gagttggetyg ctgecaccge tgagcaataa 420
ctagcataac cccttgggge ctctaaacgg gtettgaggg gttttttget gaaaggagga 480
actatatccg gataattectt gaagacgaaa gggectegtyg atacgcctat ttttataggt 540
taatgtcatg ataataatgg tttcttagac gtgaggtgge acttttceggyg gaaatgtgceg 600
cggaacccct atttgtttat ttttctaaat acattcaaat atgtatccge tcatgagaca 660
ataaccctga taaatgcttc aataatattt tgttaaaatt cgcgttaaat ttttgttaaa 720
tcagctcatt ttttaaccaa taggccgaaa tcggcaaaat cccttataaa tcaaaagaat 780
agaccgagat agggttgagt gttgttccag tttggaacaa gagtccacta ttaaagaacg 840
tggactccaa cgtcaaaggg cgaaaaaccg tctatcaggg cgatggccca ctacgtgaac 900
catcacccta atcaagtttt ttggggtcga ggtgccgtaa agcactaaat cggaacccta 960
aagggagcce ccgatttaga gettgacggg gaaagccgge gaacgtggeyg agaaaggaag 1020
ggaagaaagc gaaaggagcg ggcgcetaggg cgctggcaag tgtageggtce acgetgegeg 1080
taaccaccac acccgccgeg cttaatgcge cgctacaggg cgcgtcaggt ggcactttte 1140
ggggaaatgt gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc 1200
cgctcatgag acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtatga 1260
gtattcaaca tttccgtgte gceccttatte ccttttttge ggcattttge cttectgttt 1320
ttgctcacce agaaacgctyg gtgaaagtaa aagatgctga agatcagttg ggtgcacgag 1380
tgggttacat cgaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag 1440
aacgttttcc aatgatgagc acttttaaag ttctgctatg tggcgeggta ttatccecgtg 1500
ttgacgccgg gcaagagcaa ctcecggtcegcee gcatacacta ttctcagaat gacttggttg 1560
agtactcacc agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca 1620
gtgctgccat aaccatgagt gataacactg cggccaactt acttctgaca acgatcggag 1680
gaccgaagga gctaaccgct tttttgcaca acatggggga tcatgtaact cgccttgatce 1740
gttgggaacc ggagctgaat gaagccatac caaacgacga gegtgacacc acgatgectg 1800
cagcaatggc aacaacgttg cgcaaactat taactggcga actacttact ctagcttccce 1860
ggcaacaatt aatagactgg atggaggcgg ataaagttgc aggaccactt ctgecgctegg 1920
ccetteegge tggetggttt attgctgata aatctggage cggtgagcgt gggtctegeg 1980
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-continued
gtatcattgc agcactgggg ccagatggta agccctcceg tatcgtagtt atctacacga 2040
cggggagtca ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgcctcac 2100
tgattaagca ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa 2160
aacttcattt ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca 2220
aaatcccectta acgtgagttt tegttceccact gagegtcaga ccccgtagaa aagatcaaag 2280
gatcttcttg agatcctttt tttetgegeg taatctgctyg cttgcaaaca aaaaaaccac 2340
cgctaccage ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa 2400
ctggcttcag cagagcgcag ataccaaata ctgtccttet agtgtagccg tagttaggcece 2460
accacttcaa gaactctgta gcaccgccta catacctege tcectgctaatce ctgttaccag 2520
tggctgctge cagtggcgat aagtcgtgtce ttaccgggtt ggactcaaga cgatagttac 2580
cggataaggce gcageggtceg ggctgaacgg ggggttegtyg cacacagecce agettggage 2640
gaacgaccta caccgaactg agatacctac agcgtgagcet atgagaaagc gccacgctte 2700
ccgaagggag aaaggcggac aggtatccgg taageggcag ggtcggaaca ggagagcgca 2760
cgagggagct tccaggggga aacgcctggt atctttatag tecctgtcecggg tttegcecacce 2820
tctgacttga gecgtcgattt ttgtgatgct cgtcaggggg gcggagceccta tggaaaaacg 2880
ccagcaacgc ggccttttta cggttectgg ccttttgetg gecttttget cacatgttcet 2940
ttectgegtt atccecctgat tetgtggata accgtattac cgectttgag tgagctgata 3000
cegetegeeg cagecgaacg accgagegea gegagtcagt gagcgaggaa gcggaagagce 3060
gcctgatgeg gtattttcecte cttacgcatce tgtgcggtat ttcacaccgce aatggtgcac 3120
tctcagtaca atctgctetg atgccgcata gttaagccag tatacactcce gectatcgeta 3180
cgtgactggg tcatggetge gecccgacac cegecaacac ccegetgacge gcecectgacgg 3240
gcttgtectge tececggcate cgcttacaga caagctgtga cegtcectececgg gagetgcatg 3300
tgtcagaggt tttcaccgtc atcaccgaaa cgcgcgaggce ag 3342
<210> SEQ ID NO 23
<211> LENGTH: 3836
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: pEX821 vector
<400> SEQUENCE: 23
gatctcgate ccgegaaatt aatacgactc actataggga gaccacaacg gtttccctet 60
agaaataatt ttgtttaact ttaagaagga gatatacata tgaacgctgg tgtcactcag 120
accccaaaat tccaggtcct gaagacagga cagagcatga cactgcagtyg tgcccaggat 180
atgaaccatg aatacatgtc ctggtatcga caagacccag gcatgggget gaggetgatt 240
cattactcag ttggtgctgg tatcactgac caaggagaag tccccaatgg ctacaatgte 300
tccagatcaa ccacagagga tttccegete aggetgetgt cggetgetece ctceccagaca 360
tctgtgtact tctgtgecag caggccggga ctagegggag ggcgaccaga gcagtactte 420
gggecgggea ccaggctcac ggtcacagag gacctgaaaa acgtgttcecc acccgaggtce 480
getgtgtttyg agecatcaga agcagagatc tcccacacce aaaaggccac actggtgtge 540
ctggecaceg gtttectacce cgaccacgtg gagetgaget ggtgggtgaa tgggaaggag 600
gtgcacagtyg gggtctgcac agacccgcag cccctcaagg agcagceccge cctcaatgac 660
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tccagatacg ctctgagcag ccgcctgagg gteteggeca ccettetggea ggacccccge 720
aaccacttce gctgtcaagt ccagttctac gggetctegg agaatgacga gtggacccag 780
gatagggcca aacccgtcac ccagatcgtce agcgecgagg cctggggtag agcagactaa 840
gcttgaatte cgatccgget gctaacaaag cccgaaagga agctgagttg getgetgeca 900
ccgetgagea ataactagca taaccecttg gggectctaa acgggtcettyg aggggttttt 960
tgctgaaagg aggaactata tccggataat tcttgaagac gaaagggcct cgtgatacgce 1020
ctatttttat aggttaatgt catgataata atggtttctt agacgtcagg tggcactttt 1080
cggggaaatg tgcgcggaac ccctatttgt ttatttttet aaatacattc aaatatgtat 1140
ccgctcatga gacaataacc ctgataaatg cttcaataat attttgttaa aattcgegtt 1200
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta 1260
taaatcaaaa gaatagaccg agatagggtt gagtgttgtt ccagtttgga acaagagtcc 1320
actattaaag aacgtggact ccaacgtcaa agggcgaaaa accgtctatc agggcgatgg 1380
cccactacgt gaaccatcac cctaatcaag ttttttgggg tcgaggtgcce gtaaagcact 1440
aaatcggaac cctaaaggga gcccccgatt tagagcttga cggggaaage cggcgaacgt 1500
ggcgagaaag gaagggaaga aagcgaaagg agcgggcgcet agggcegetgg caagtgtage 1560
ggtcacgcetyg cgegtaacca ccacacccge cgcegcettaat gegccgetac agggegegte 1620
aggtggcact tttcggggaa atgtgcgcgg aacccctatt tgtttatttt tcectaaataca 1680
ttcaaatatg tatccgctca tgagacaata accctgataa atgcttcaat aatattgaaa 1740
aaggaagagt atgagtattc aacatttccg tgtcgccctt attcecctttt ttgecggcatt 1800
ttgccttect gtttttgete acccagaaac gctggtgaaa gtaaaagatg ctgaagatca 1860
gttgggtgca cgagtgggtt acatcgaact ggatctcaac agcggtaaga tccttgagag 1920
ttttcgecce gaagaacgtt ttccaatgat gagcactttt aaagttctge tatgtggegce 1980
ggtattatcc cgtgttgacg ccgggcaaga gcaactcggt cgccgcatac actattctca 2040
gaatgacttg gttgagtact caccagtcac agaaaagcat cttacggatg gcatgacagt 2100
aagagaatta tgcagtgctg ccataaccat gagtgataac actgcggcca acttacttct 2160
gacaacgatc ggaggaccga aggagctaac cgcttttttg cacaacatgg gggatcatgt 2220
aactcgectt gatcgttggg aaccggagct gaatgaagcc ataccaaacg acgagcgtga 2280
caccacgatg cctgcagcaa tggcaacaac gttgcgcaaa ctattaactg gcgaactact 2340
tactctagct tcccggcaac aattaataga ctggatggag gcggataaag ttgcaggacce 2400
acttctgege tecggeccctte cggctggcetg gtttattget gataaatctg gagccggtga 2460
gcgtgggtet cgcggtatca ttgcagcact ggggccagat ggtaagccct cccgtategt 2520
agttatctac acgacgggga gtcaggcaac tatggatgaa cgaaatagac agatcgctga 2580
gataggtgcc tcactgatta agcattggta actgtcagac caagtttact catatatact 2640
ttagattgat ttaaaacttc atttttaatt taaaaggatc taggtgaaga tcctttttga 2700
taatctcatg accaaaatcc cttaacgtga gttttcgttc cactgagcgt cagaccccgt 2760
agaaaagatc aaaggatctt cttgagatcc tttttttetg cgcgtaatct getgettgcea 2820
aacaaaaaaa ccaccgctac cagcggtggt ttgtttgecg gatcaagagce taccaactct 2880
ttttccgaag gtaactggcet tcagcagage gcagatacca aatactgtcecce ttctagtgta 2940
gccgtagtta ggccaccact tcaagaactc tgtagcaccg cctacatacc tcgectctget 3000
aatcctgtta ccagtggetg ctgccagtgg cgataagtceg tgtcttaccg ggttggactce 3060
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aagacgatag ttaccggata aggcgcagceg gtecgggctga acggggggtt cgtgcacaca 3120
geecagettyg gagcgaacga cctacaccga actgagatac ctacagegtg agctatgaga 3180
aagcgecacg ctteccgaag ggagaaagge ggacaggtat ceggtaageyg gcagggtcegg 3240
aacaggagag cgcacgaggg agcttccagg gggaaacgcc tggtatcttt atagtcctgt 3300
cgggtttege cacctctgac ttgagegtceg atttttgtga tgctecgtcag gggggcggag 3360
cctatggaaa aacgccagca acgcggcectt tttacggttce ctggecctttt getggcecttt 3420
tgctcacatg ttctttcecetyg cgttatcccece tgattctgtg gataaccgta ttaccgectt 3480
tgagtgagct gataccgctce gecgcagecg aacgaccgag cgcagcgagt cagtgagcga 3540
ggaagcggaa gagcgcctga tgcggtattt tcectcecttacg catctgtgeg gtatttcaca 3600
ccgcaatggt gcactctcag tacaatctge tctgatgecg catagttaag ccagtataca 3660
ctcecgetate gectacgtgac tgggtcatgg ctgcgccecg acacccgcca acacccgcetg 3720
acgcgceectg acgggcttgt ctgctceeccgg catccgetta cagacaagcet gtgaccgtcet 3780
ccgggagetg catgtgtcag aggttttcac cgtcatcacc gaaacgcgceg aggcag 3836

<210> SEQ ID NO 24
<211> LENGTH: 378

<212> TYPE:

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Truncated soluble parental GAG
containing an introduced Cys residue linked to WT

peptide linker

<400> SEQUENCE: 24

Met Glu Ala Gly Val Thr Gln Ser

1

Gly Gln Gln Val Thr Leu Arg Cys

Val Ser Trp

35

20

Tyr Gln Gln Ala Leu

40

Gln

Phe

65

Ala

Thr

Thr

Pro

Leu

145

Asn

Lys

Leu

Cys

Tyr

50

Ser

Leu

Val

Glu

Ser

130

Ala

Gly

Glu

Arg

Gln

Tyr

Gly

Leu

Ser

Asp

115

Glu

Thr

Lys

Gln

Val

195

Val

Glu

His

Leu

Tyr

100

Leu

Ala

Gly

Glu

Pro

180

Ser

Gln

Glu Glu

Gln Phe
70

Gly Asp
85

Glu Gln

Lys Asn

Glu Ile

Phe Tyr
150

Val His
165
Ala Leu

Ala Thr

Phe Tyr

Glu

55

Pro

Ser

Tyr

Val

Ser

135

Pro

Ser

Asn

Phe

Gly

Arg

Asn

Ala

Phe

Phe

120

His

Asp

Gly

Asp

Trp

200

Leu

Pro

Ser

25

Gly

Gln

Tyr

Leu

Gly

105

Pro

Thr

His

Val

Ser
185

Gln

Ser

Thr

10

Pro

Gln

Arg

Ser

Tyr

90

Pro

Pro

Gln

Val

Cys

170

Arg

Asp

Glu

His

Lys

Gly

Gly

Ser

75

Leu

Gly

Glu

Lys

Glu

155

Thr

Tyr

Pro

Asn

Leu Ile Lys

Ser Gly His

30

Pro Gln Phe

45

TCR beta chain

IL-2 via a

Thr Arg
15

Asp Thr

Ile Phe

Asn

60

Glu

Cys

Thr

Val

Ala

140

Leu

Asp

Ala

Arg

Asp

Phe

Leu

Ala

Arg

Ala

125

Thr

Ser

Pro

Leu

Asn

205

Glu

Pro

Asn

Ser

Leu

110

Val

Leu

Trp

Gln

Ser

190

His

Trp

Asp

Val

Ser

95

Thr

Phe

Val

Trp

Pro

175

Ser

Phe

Thr

Arg

Asn

80

Asp

Val

Glu

Cys

Val

160

Leu

Arg

Arg

Gln



49

US 9,255,135 B2

-continued

50

210

Asp Arg Ala
225

Arg Ala Asp

Leu Gln Leu

Ile Asn Asn

275

Phe Tyr Met
290

Glu Glu Glu
305

Lys Asn Phe
Ile Val Leu
Ala Asp Glu

355
Phe Cys Gln

370

<210> SEQ I
<211> LENGT.
<212> TYPE:

215

Lys Pro Val Thr Gln
230

Pro Gly Ala Pro Thr

245

Glu His Leu Leu Leu

260

Tyr Lys Asn Pro Lys

280

Pro Lys Lys Ala Thr

295

Leu Lys Pro Leu Glu
310

His Leu Arg Pro Arg

325

Glu Leu Lys Gly Ser

340

Thr Ala Thr Ile Val

360

Ser Ile Ile Ser Thr

D NO 25
H: 822
DNA

375

Ile Val Ser
235

Ser Ser Ser
250

Asp Leu Gln
265

Leu Thr Arg

Glu Leu Lys

Glu Val Leu
315

Asp Leu Ile
330

Glu Thr Thr
345

Glu Phe Leu

Leu Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

220

Ala Glu Ala

Thr Lys Lys

Met Ile Leu

270

Met Leu Thr
285

His Leu Gln
300

Asn Leu Ala

Ser Asn Ile

Phe Met Cys
350

Asn Arg Trp
365

Trp Gly
240

Thr Gln
255

Asn Gly

Phe Lys

Cys Leu

Gln Ser

320

Asn Val
335

Glu Tyr

Ile Thr

<223> OTHER INFORMATION: DNA encoding the full-length parental GAG TCR
alpha chain codon optimised for human expression

<400> SEQUENCE: 25

atgatgaaga

agccagcaga

gccagectga

tacagcggca

ggcagattca

agcaagctgt

ctgaattteg

geegtgtace

ttcgacagee

accgtgetygyg

aagagcgact

ttcceccagec

accaacctga

gecggattcea

<210> SEQ I

<211> LENGT.
<212> TYPE:

gcctgagggt

aggaggtgga

actgtaccta

agagccccga

cegeccaget

ccgacagege

gcaagggcac

agctgagaga

agaccaacgt

acatgaggag

tegectgtge

ctgagagcag

acttccagaa

acctgetgat

D NO 26

H: 930
DNA

gCthtggtg

gcagaatage

cagcgacaga

getgattatyg

gaacaaggce

cacctacctyg

cagcctgetyg

cagcaagagc

gtcecagage

catggacttce

caacgectte

ctgtgacgtyg

cctgagegty

gaccctgaga

atcctgtgge

ggcectetga

ggcagccaga

ttcatctaca

agccagtaca

tgtgcecgtga

gtgaccccee

agcgacaaga

aaggacagcg

aagagcaaca

aacaacagca

aaactggtygg

atcggcettca

ctgtggagca

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

tgcagetgte

gegtgecega

gettettetyg

gcaacggcga

tcagcetget

gaaccaatag

acatccagaa

gegtgtgtet

acgtgtacat

gegeegtgge

tcatcccega

agaagagcett

gaatcctget

gc

ctgggtgtgg
gggegecate
gtacaggcag
caaggaggac
gatccgggat
cggctacgee
tcctgaccecee
gttcaccgac
caccgacaag
ctggagcaac
ggacaccttt
cgagaccgac

gctgaaggtg

60

120

180

240

300

360

420

480

540

600

660

720

780

822

<223> OTHER INFORMATION: DNA encoding the full-length parental GAG TCR
beta chain codon optimised for human expression
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<400> SEQUENCE: 26

atgggacceg gectgetgtyg ctgggecctyg ctgtgectge tgggagecegyg actggtggac 60
geeggagtga cccagagcece cacccacctg attaagacca ggggccagca ggtgaccctg 120
agatgtagcce ctaagagcgg ccacgatacce gtgtcctggt atcagcagge cctgggcecag 180
ggaccccagt tcatcttcca gtactacgag gaggaggaga ggcagagagg caacttcccce 240
gacagattca gcggccacca gttcecccaat tacagcagceg agctgaacgt gaatgccctg 300
ctgetgggeg acagegecct gtacctgtgt gecagcageg acacagtgag ctacgagcag 360
tacttecggee ctggcaccag actgaccgtg accgaggacce tgaagaacgt gttcecectect 420
gaggtggceeyg tgttcgagee cagcgaggcce gagatcagec acacccagaa ggcecaccctg 480
gtgtgtcetgyg ccaccggett ctaccccgac cacgtggage tgtcctggtyg ggtgaacgge 540
aaggaggtgc acagcggegt gtccaccgac ceccageccee tgaaggagca gcccgecctg 600
aacgatagca ggtactgcct gagcagcagg ctgagagtga gcegecacctt ctggcagaac 660
ccecggaace acttcagatg ccaggtgeag ttectacggece tgagcgagaa cgacgagtgg 720
acccaggata gagccaagcce cgtgacccag atcgtgteceg cegaggcectyg gggcagagece 780
gactgtggcet tcaccagcga gagctaccag cagggcegtge tgtccgecac catcctgtac 840
gagatcctyge tgggcaagge cacactgtac geegtgetgg tgtccgecct ggtgetgatg 900
gctatggtga agcggaagga cagcaggggce 930

<210> SEQ ID NO 27
<211> LENGTH: 274

<212> TYPE

PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Full-length parental GAG TCR alpha

<400> SEQUENCE: 27

Met Met Lys Ser Leu Arg Val Leu

1

Ser Trp Val

Leu Ser Val

35

Trp Ser Gln Gln Lys

20

Pro Glu Gly Ala Ile

40

Asp Arg Gly Ser Gln Ser Phe Phe

50

55

Ser Pro Glu Leu Ile Met Phe Ile

Gly Arg Phe

Leu Ile Arg

Val Arg Thr

115

Leu Leu Val

130

Leu Arg Asp

145

Phe Asp Ser

Ile Thr Asp

70

Thr Ala Gln Leu Asn

85

Asp Ser Lys Leu Ser

100

Asn Ser Gly Tyr Ala

120

Thr Pro His Ile Gln

135

Ser Lys Ser Ser Asp
150

Gln Thr Asn Val Ser

165

Lys Thr Val Leu Asp

Leu

Glu

25

Ala

Trp

Tyr

Lys

Asp

105

Leu

Asn

Lys

Gln

Met

Val

10

Val

Ser

Tyr

Ser

Ala

90

Ser

Asn

Pro

Ser

Ser
170

Arg

Ile

Glu

Leu

Arg

Asn

75

Ser

Ala

Phe

Asp

Val
155

Lys

Ser

Leu

Gln

Asn

Gln

60

Gly

Gln

Thr

Gly

Pro
140
Cys

Asp

Met

Trp

Asn

Cys

45

Tyr

Asp

Tyr

Tyr

Lys

125

Ala

Leu

Ser

Asp

Leu

Ser

30

Thr

Ser

Lys

Ile

Leu

110

Gly

Val

Phe

Asp

Phe

Gln

15

Gly

Tyr

Gly

Glu

Ser

95

Cys

Thr

Tyr

Thr

Val
175

Lys

chain

Leu

Pro

Ser

Lys

Asp

Leu

Ala

Ser

Gln

Asp
160

Tyr

Ser
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54

Asn

Ala

Glu

225

Thr

Leu

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Ser

Phe

210

Ser

Asn

Leu

Ser

Ala

195

Asn

Ser

Leu

Lys

180

Val

Asn

Cys

Asn

Val
260

PRT

<400> SEQUENCE:

Met Gly Pro

1

Gly

Thr

Asp

Ile

65

Asp

Ser

Thr

Phe

145

Trp

Pro

Ser

Phe

225

Thr

Trp

Leu

Arg

Thr

50

Phe

Arg

Asn

Asp

Val

130

Glu

Cys

Val

Leu

Arg
210
Arg

Gln

Gly

Val

Gly

Val

Gln

Phe

Ala

Thr

115

Thr

Pro

Leu

Asn

Lys

195

Leu

Cys

Asp

Arg

Gly

Asp

20

Gln

Ser

Tyr

Ser

Leu

100

Val

Glu

Ser

Ala

Gly

180

Glu

Arg

Gln

Arg

Ala
260

Ala

Ser

Asp

Phe

245

Ala

SEQ ID NO 28
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Full-length parental GAG TCR beta chain

310

28

Leu

Ala

Gln

Trp

Tyr

Gly

85

Leu

Ser

Asp

Glu

Thr

165

Lys

Gln

Val

Val

Ala
245

Asp

Trp

Ile

Val

230

Gln

Gly

Leu

Gly

Val

Tyr

Glu

70

His

Leu

Tyr

Leu

Ala

150

Gly

Glu

Pro

Ser

Gln
230

Lys

Cys

Ser

Ile

215

Lys

Asn

Phe

Cys

Val

Thr

Gln

55

Glu

Gln

Gly

Glu

Lys

135

Glu

Phe

Val

Ala

Ala
215
Phe

Pro

Gly

Asn

200

Pro

Leu

Leu

Asn

Trp

Thr

Leu

40

Gln

Glu

Phe

Asp

Gln

120

Asn

Ile

Tyr

His

Leu

200

Thr

Tyr

Val

Phe

185

Lys

Glu

Val

Ser

Leu
265

Ala

Gln

25

Arg

Ala

Glu

Pro

Ser

105

Tyr

Val

Ser

Pro

Ser

185

Asn

Phe

Gly

Thr

Thr
265

Ser

Asp

Glu

Val

250

Leu

Leu

10

Ser

Cys

Leu

Arg

Asn

90

Ala

Phe

Phe

His

Asp

170

Gly

Asp

Trp

Leu

Gln
250

Ser

Asp

Thr

Lys
235

Phe

Phe
220

Ser

Ala
205

Phe

Phe

Ile Gly Phe

Met

Leu

Pro

Ser

Gly

Gln

75

Tyr

Leu

Gly

Pro

Thr

155

His

Val

Ser

Gln

Ser
235

Ile

Glu

Thr

Cys

Thr

Pro

Gln

60

Arg

Ser

Tyr

Pro

Pro

140

Gln

Val

Ser

Arg

Asn

220

Glu

Val

Ser

Leu

Leu

His

Lys

45

Gly

Gly

Ser

Leu

Gly

125

Glu

Lys

Glu

Thr

Tyr

205

Pro

Asn

Ser

Tyr

190

Cys

Pro

Glu

Arg

Arg
270

Leu

Leu

30

Ser

Pro

Asn

Glu

Cys

110

Thr

Val

Ala

Leu

Asp

190

Cys

Arg

Asp

Ala

Gln
270

Ala

Ser

Thr

Ile

255

Leu

Gly

15

Ile

Gly

Gln

Phe

Leu

95

Ala

Arg

Ala

Thr

Ser

175

Pro

Leu

Asn

Glu

Glu
255

Gln

Asn

Pro

Asp

240

Leu

Trp

Ala

Lys

His

Phe

Pro

80

Asn

Ser

Leu

Val

Leu

160

Trp

Gln

Ser

His

Trp

240

Ala

Gly
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56

Val

Leu

Arg
305

Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr
275 280 285

Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys
290 295 300

Lys Asp Ser Arg Gly
310

<210> SEQ ID NO 29

<211> LENGTH: 207

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Alpha chain of a soluble high affinity cllceé

GAG TCR containing an introduced Cys residue

<400> SEQUENCE: 29

Met

1

Glu

Gln

Ile

Ala

65

Ser

Pro

Lys

Thr

145

Cys

Ala

Ser

Ala Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro

Gly Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser

Ser Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu

35 40 45

Met Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr
50 55 60

Gln Leu Asn Lys Ala Ser Gln Tyr Ile Ser Leu Leu Ile Arg Asp
70 75 80

Lys Leu Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Gly Ala
Asp Tyr Ala Leu Asn Phe Gly Lys Gly Thr Ser Leu Leu Val Thr
100 105 110

His Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser
115 120 125

Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln
130 135 140

Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys
150 155 160

Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val
165 170 175

Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn
180 185 190

Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser
195 200 205

<210> SEQ ID NO 30

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Beta chain of a soluble high affinity cllcé GAG

TCR containing an introduced Cys residue

<400> SEQUENCE: 30

Met
1

Gly

Val

Glu Ala Gly Val Thr Gln Ser Pro Thr His Leu Ile Lys Thr Arg
5 10 15

Gln Gln Val Thr Leu Arg Cys Ser Pro Lys Ser Gly His Asp Thr
20 25 30

Ser Trp Tyr Gln Gln Ala Leu Gly Gln Gly Pro Gln Phe Ile Phe
35 40 45
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-continued

Gln Ala Glu Glu Gln Asn Phe

60

Tyr Leu

50

Gly Arg Arg Gly

Phe
65

Gln Phe

70

Ser Glu Leu

75

Ser Gly His Pro Asn Tyr Ser

Ala Leu Leu Leu Gly Ser Ala Leu Leu Ala

85

Asp Tyr

90

Cys

Thr Val Ser Tyr Glu Gln Phe Pro Thr

100

Tyr Gly

105

Gly Arg

Thr Glu Val Phe

120

Glu Val Ala

125

Asp Leu Asn Pro Pro

115

Lys

Glu Ala Glu Ile Thr Gln Ala

140

Ser His Thr

135

Ser
130

Pro Lys

Ala Thr Phe Val Glu

155

Leu Pro His Leu Ser

145

Gly Tyr

150

Asp

Glu Val

165

Asn Gly Lys His Ser Gly Val Cys Thr Pro

170

Asp

Glu Gln Ala Ser Ala Leu

185

Pro Leu Asn

180

Lys Asp Arg Tyr

Val
195

Ala Thr Phe Gln Asn

205

Leu Arg Ser Trp Pro

200

Asp Arg

Gln
210

Cys Val Gln Phe Tyr Gly Leu Ser Glu Asn Glu

215

Asp
220
Ala Val
230

Thr Gln Ile Val Ser Ala Glu

235

Asp Pro

225

Arg Lys

Arg Ala Asp

<210>
<211>
<212>
<213>

SEQ ID NO 31

LENGTH: 18

TYPE: PRT

ORGANISM: Foot-and-mouth disease virus
<400> SEQUENCE: 31

Leu Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp Val
1 5 10

Pro Gly

Pro

Asn

Ser

Leu

110

Val

Leu

Trp

Gln

Ser

190

His

Trp

Ala

Glu

Asp Arg

Val Asn

80

Ser
95

Asp
Thr Val
Phe Glu
Val Cys

Val
160

Trp

Pro Leu

175

Ser Arg

Phe Arg
Thr Gln

Trp Gly

240

Ser Asn

The invention claimed is:

1. A cell transduced with an expression vector comprising
nucleic acid encoding a T-cell receptor (TCR) comprising an
a chain variable domain and a [ chain variable domain
wherein: the TCR binds to SLYNTVATL (SEQ ID NO: 16)-
HLA-A*0201 with a K, of less than or equal to 1 uM, and the
a chain variable domain comprises SEQ ID NO: 1, and the §
chain variable domain comprises SEQ ID NO: 2.

2. A pharmaceutical composition comprising a plurality of
cells as claimed in claim 1, together with a pharmaceutically
acceptable carrier.

3. A cell transduced with an expression vector comprising
nucleic acid encoding a TCR comprising an o chain variable
domain and a §§ chain variable domain wherein: the TCR
binds to SLYNTVATL (SEQ ID NO: 16)-HLA-A*0201 with
a K, of less than or equal to 1 pM and/or an off-rate (k) of
1x1072 S~* or slower using Surface Plasmon Resonance, and
the o chain variable domain comprises SEQ ID NO: 1 with at
least one mutation in at least one complementarity determin-
ing region selected from the group consisting of at least one of
95T, 96N, 978, 98G and 100A, or the § chain variable domain

45
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60

65

comprises SEQ ID NO: 2 with at least one mutation in at least
one complementarity determining region selected from the
group consisting of at least one of 51Y, 52E, 53E and 54E
wherein: if the o chain variable domain is mutated, the
chain variable domain comprises SEQ ID NO: 2, and if the §
chain variable domain is mutated, the o chain variable
domain comprises SEQ ID NO: 1.

4. A cell transduced with an expression vector comprising
nucleic acid encoding a TCR comprises an o chain variable
domain and a §§ chain variable domain wherein: the TCR
binds to SLYNTVATL (SEQ ID NO: 16)-HLA-A*0201 with
aK,, of less than or equal to 1 uM and/or an off-rate (k) of
1x107* S~ or slower using Surface Plasmon Resonance, and
the o chain variable domain comprises SEQ ID NO: 1 with at
least one mutation in at least one complementarity determin-
ing region selected from the group consisting of, 95T, 96N,
978, 98G and 100A, and the { chain variable domain com-
prises SEQ ID NO:2 with at least one mutation in at least one
complementarity determining region selected from the group
consisting of, 51Y, 52E, 53E and 54E.

5. The cell of claim 4 wherein the TCR comprises the o
chain variable domain wherein all of 95T, 96N, 978, 98G and
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100A are mutated, and the [} chain variable domain wherein
all of 51Y, 52E, 53E or 54E are mutated.

6. A cell transduced with an expression vector comprising
nucleic acid encoding a TCR comprising an o chain variable
domain and a §§ chain variable domain wherein: the TCR
binds to SLYNTVATL (SEQ ID NO: 16)-HLA-A*0201 with
a K, of less than or equal to 1 pM and/or an off-rate (k) of
1x1072 S~* or slower using Surface Plasmon Resonance, and
the a chain variable domain comprises SEQ ID NO: 1 with
one or more of amino acids 958, 95G, 96A, 97H, 98D or
1008, and is hence mutated relative to SEQ ID NO:1, and the
[ chain variable domain comprises SEQ ID NO:2 with one or
more of amino acids 51V, 51A, 52R, 521, 53G or 54V, and is
hence mutated relative to SEQ ID NO:2.

7. The cell of claim 6 wherein a chain variable domain
comprises amino acids 958, 95G, 96A, 97H, 98D and 100S,
mutated relative to SEQ ID NO: 1; and the [} chain variable
domain comprises amino acids 51V, 51A, 52R, 521, 53G and
54V, mutated relative to SEQ ID NO: 2.

8. A cell transduced with an expression vector comprising
nucleic acid encoding a TCR comprising an o chain variable
domain and a §§ chain variable domain wherein: the TCR
binds to SLYNTVATL (SEQ ID NO: 16)-HLA-A*0201 with
a K, of less than or equal to 1 pM and/or an off-rate (k) of
1x107* S7* or slower using Surface Plasmon Resonance, and
the o chain variable domain comprises the amino acid
sequence shown in any one of SEQ ID NOS: 11-13, and the
chain variable domain comprises the amino acid sequence
shown in any one of SEQ ID NOS: 14-15.

9. A cell transduced with an expression vector comprising
nucleic acid encoding a TCR comprising an o chain variable
domain and a §§ chain variable domain wherein: the TCR
binds to SLYNTVATL (SEQ ID NO: 16)-HLA-A*0201 with
a K, of less than or equal to 1 pM and/or an off-rate (k) of
1x10" S~ or slower using Surface Plasmon Resonance, and
the o chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 1 and the fchain variable
domain comprises the amino acid sequence shown in SEQ ID
NO: 14; or the a chain variable domain comprises the amino
acid sequence shown in SEQ ID NO: 1 and the §§ chain
variable domain comprises the amino acid sequence shown in
SEQIDNO: 15; or the o chain variable domain comprises the
amino acid sequence shown in SEQ ID NO: 11 and the
chain variable domain comprises the amino acid sequence
shown in SEQ ID NO: 2; or the a chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 12
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 2; or the a chain variable
domain comprises the amino acid sequence shown in SEQ ID
NO: 13 and the p chain variable domain comprises the amino
acid sequence shown in SEQID NO: 2; or the o chain variable
domain comprises the amino acid sequence shown in SEQ ID
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NO: 12 and the § chain variable domain comprises the amino
acid sequence shown in SEQ ID NO: 15; or the a chain
variable domain comprises the amino acid sequence shown in
SEQ ID NO: 13 and the p chain variable domain comprises
the amino acid sequence shown in SEQ ID NO: 15; or the o
chain variable domain comprises the amino acid sequence
shown in SEQ ID NO: 12 and the [} chain variable domain
comprises the amino acid sequence shown in SEQID NO: 14;
or the a chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 13 and the § chain variable
domain comprises the amino acid sequence shown in SEQ ID
NO: 14.

10. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 1
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 14.

11. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 1
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 15.

12. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 11
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 2.

13. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 12
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 2.

14. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 13
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 2.

15. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 12
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 15.

16. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 13
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 15.

17. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 12
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 14.

18. The cell of claim 9 wherein the o chain variable domain
comprises the amino acid sequence shown in SEQ ID NO: 13
and the f§ chain variable domain comprises the amino acid
sequence shown in SEQ ID NO: 14.

19. A pharmaceutical composition comprising a plurality
of cells as claimed in any of claims 3 to 18, together with a
pharmaceutically acceptable carrier.
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